This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of
to make the world’s books discoverable online.

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was nevel
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domair
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover.

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey fro
publisher to a library and finally to you.

Usage guidelines

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belon
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have take
prevent abuse by commercial parties, including placing technical restrictions on automated querying.

We also ask that you:

+ Make non-commercial use of the fild&e designed Google Book Search for use by individuals, and we request that you use these fil
personal, non-commercial purposes.

+ Refrain from automated queryirigo not send automated queries of any sort to Google’s system: If you are conducting research on m:
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encc
use of public domain materials for these purposes and may be able to help.

+ Maintain attributionThe Google “watermark” you see on each file is essential for informing people about this project and helping ther
additional materials through Google Book Search. Please do not remove it.

+ Keep it legalWhatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume |
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in al
anywhere in the world. Copyright infringement liability can be quite severe.

About Google Book Search

Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on
athttp://books.google.com/ |



http://google.ca/books?id=pgsuAAAAYAAJ

Digitized by GOOSIQ



S 76053

HARVARD
COLLEGE
LIBRARY



Digitized by GOOS[Q



Digitized by GOOS[Q



Digitized by GOOS[Q



RS

-



~ TRACTS

NATURAL HISTORY
of °

ANIMALS AND VEGETABLES,



=

\\mJ



TRACTS
NATURAL .HISTORY
oFy |

ANIMALS AND VEGETABLES,

TRANSLATED YROM THE ORIGINAL ITALIAN OF

Tre ABBE SPALLANZANI,

uoyu. PROFESSOR OF NATURAL HISTORY IN THE UNIVERSITY OF PAVu.
¢ ¥ R S LONDON, CURIOS. NATUR. GERMAN, BERLIN, STOCK.
HOLM, GOTTINGEN, BOLOGNA, SIENA.

BY

JOHN GRAHAM DALYELL, Esq. Apvocats,

WITH

PHYSIOLOGICAL ILLUSTRATIONS, BY THE TRANSLATOR.

SECOND EDITION.

VOLUME II,

Coinburgh ¢

PRINTED FOR WILLIAM CREECH AND ARCHD. CONSTABLE, EDINBURGH ;
AND T. N. LONGMAN AND O. REES, LONDON.

/ —3> @€
1803,



S

S7¢o< 92,10

HARVARD COLLEGE LIBRARY



(OBSERVATIONS axp EXPERIMENTS
ON THE

SEMINAL VERMICULI OF MAN AND OTHER ANIMALS,
"WITH AN EXAMINATION OF THE -CELEBRATED THE-
ORY OF ORGANIC MOLECULES. _

‘CHAP. IV.

(REFLECTIONS ON M. DE BUFFON’S OBSERVATIONS—
COMPARISON OF SEMINAL VERMICULI AND THE
PUTREDINOUS ANIMALCULA OF SEMEN.

LET us continue to examine the other princi-
pal refults from De Buffon’s obfervations, that is,
the appearance of thofe very long and flender
filaments which the vermiculi drag along in their
courfe; the contraltion and difappearance of
them ; the allivity the vermiculi acquire -with
age ; the facility of motion in every diretion;
the change of form, divifion, diminution of fize ;
and, laftly, their total deftruction in a few days.

- To begin with the firft : Leeuwenhoeck, my-
felf, and other naturalifts, have remarked that -
each vermicule in the femen of man, and of fe-
veral other animals, has a long appendage which
it drags along as it fwims. But this appendage
is not as Buffon would incline, a thread or long

Yor. IL A corpufculum,



2 SEMINAL VERMICULY. il.

corpufculum, without analogy to a tail or any
_ other member, and entirely foreign to the fper-
matic vermiculus. I have always found, as has
been fhewn in the firft chapter, that the appen-
dage has evexry charafteriftic of an a&ual tail,
It has the fhape, and the diameter always be.
comes greater on approaching the body to which
it is united, fo as to form one whole, as is feen
in tailed worms; and the vermiculi alfo ufe the
tail while fwimming through the fpermatic fluid,
bending it firft to one fide, then to another,
and in eyery different dire&ion as aquatic worms
“are wont to do while they fwim. I have feen
this innumerable times, and in the moft diftin&®
manner ; fo that [ muft difcredit. my eyes, if |
think or write differently.
- It is true that microfcopic obfcrvatxon on the
tail of human feminal vermiculi is the moft nice
and delicate of any I have made : it demands the
greateft care and the ftricteft attention, The tail -
is wonderfully flender, and at the fame time tran.
fparent ; whence, too ftrong light confounds it
with the feminal fluid, fo that we entirely lofe
fight of the whole. In the firft place, the choice
of light, adapted for obfervation, is of the great
eft unportancc The direct light of the fun is toq
powerful as is that of a lamp, unlefs it is mode-
rated by fome method. That which I have found
moft fit for this fine obfervation, is the light of 3

window
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«window oppofite a white wall moderately illuminat.
ed: as, for example, when expofed toa partof the
4ky covered with white cloads. Secondly, the finer
and thinner the fliders are, on which the drop of
femen is depofited, the eafier are the tails difcover-
ed : I prefer talc to chryftal. Thirdly, the drop
thould be as thin as poflible, otherwife the origin
of the tail will not be difcerned ; the reft is
concealed in the liquid; and when the feminal
fluid is turbid, it is neceffary to dilute it with a
clearer portion. Fourthly, when the vermiculi
fwim, as the tail is always a little lower than the
body, we muft deprefs the focus of the lens to
obferve it. Finaly, a microfcope of a fingle
{ens, fuch as that called Leeuwenhoeck’s, thould
pofitively be preferred to the compound micro-
fcope. '
Although M. de Buffon, in his ebfervations,
mentions only oneor two of the precautions allud-
ed to, and which he feems to have ufed, I am un-
willing to think he negletted the reft ; for the ex.
ception of only one would prevent him from mak-
ing the real obfervation. He fays he always ufed
the compound microfcope in examining the femen
of man and animals. I doubt not that his micro-
fcope was as excellent as he affirms; but it was
a compound one, and had all the defes of com-
pound microfcopes, among which is fpecially plac-
ed, the obje&t never being feen fo diftin&, or its
Az outlines
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outlines fo well defined, as with a perfe€t micro-
fcope formed of a fingle lens. This is a fa&t ac-
* knowledged by all obfervers, and my own ob-
fervations on feminal vermiculi with both micro-
fcopes confirm it more. Ufing the firft, I faw
the vermiculi precifely as has been defcribed :
with the fecond, I had a confufed view of the
body, and was frequently in doubt whether it
was round or oval ; the outline was always in a
fort of mift or cloud. The tail, which is infinite-
ly more delicate, appeared lefs fenfible, and could
only be diftinguifhed as a very long flender body.
It is not furprifing, therefore, that M. de Buffon
calls this part of the vermicule a foreign fub.
ftance, a kind of long, delicate, fubtile filament,
fince it truly appeared fuch to him when viewed
with the compound microfcope. .
. It may perhaps be thought that my compound
microfcope was not fo good as M. de Buffon’s
but thofe I ufe are the moft perfe& now made in
London. [ was defirous to view fpermatic ver-
miculi with the microfcope M. de Buffon had
employed, that is, Cuff’s microfcope, which is
precifely that of Mr Needham, and which, M. de
Buffon obferves, he ufed in his examination
of the feminal fluid. But it fhowed me no-
thing more ; and I may affirm that my obferva. |
tions and experiments on feminal vermiculi, ag
well as on the animalcula of infufions, and fimi.
) lar

A
o
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lar beings, could never have been exemipted frotn
uncertainty, I will even fay error; by preferring
the compound rmicrofcope to that of Leeuwens
hoeclga 4

Let us look back 4 mioment to eftablifh the
éertainty of tails in the human feminal vermiculi.
The faét is confirmed in fo convircing a manner
by the experiment on talc; where the tails appear
complete; and net confourided with the femen;,
as to put it beyond all doubt was there no
6ther proof. However, we may obferve that fuch
extreme circam{peion, and fo many precautions
are unneceflary to diftinguifh the tail in the ver-
miculi of many animals; when Leeuwenhoeck’s
microfcope is ufed.

To the contration and entire difappearance of
the tails, which Buffon fays he obferved when the
vermicull remained long in the femen -after it
came from the animals body, I can eppofe no-
thing except that in all my obfervations, which
have been innumerable, the reverfe was uniform-
ly feen. The vermieuli conftantly preferve this
inember not only while alive; bit long after
death ; and it does not begin to fpoil or be des
ftroyed till the vermiculi themfelves arrive at the
fame ftate. Further, neither the maceration of
the dead bodies by boiling; not is freezing fuffi+
cient-to deftroy their ftru&ture or figure. Vine«
gar itfelf and urine, fluids which igftantaneoufly

Aj o deftroy
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deftroy the contexture of mioft infufion animal-
cula, cannot, before a confiderable time, affect
the tail or body of our vermiculi. We fhould,.
therefore, have to deny the exiftence of al} thefe:
fa@s to agree with M. de Buffou toncerning the
contraction 'and difappearance of the tails. ‘That
my oblervations may have greater weight in efta-
blithing the certainty and continuanee of thefe
tails, I {hall cite the authority of the great phy-~
fiologift of Berne : ¢ Nunc quod caudas attinet,
¢ perpetuam particulam. vermiculi fpermatici, ex
¢ nimis certos, et fide digniffimos habent teftes,
¢ quibus meum fuffragium per experimenta na-
¢ tum addidiffe liceat (1).” _

The other phenomena of fpermatic vermiculi,,
obferved by M. de Buffon, fuch as an increafed
aCtivity acquired with time, their change of fhape,
diminution, divifien and duration of life from
four to cight days, feemed to me no lefs parado-
xical, particularly onattending to the repeated ob-
fervations mentioned in the firft chapter, and re-
calling thofe of the moft acute Leeuwenhoeck.
M. de Buffon’s acknowledged merit at the fame
time prevented me from confidering this affem-
blage of fa&s as chimerical ; and unable to afcribe:
it to the fault of his microfcopes alone, for,
however defeftive they might be, they could not.
' occafion

(1) Haller, I’hyﬁblogia, T.7.
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occafion fuch a difference in the phenomena, 1
determined to refolve my doubts by taking the
trouble to make a new courfe of experiments on
human femen and that of other animals. But not-
withftanding all my care, precautions, and all pof-
fible vigilance, I could difcover nothing new, at
leaft effentially affecting the fa&s I have fpoken of.
Yet, with refle®ion on Buffon’s obfervations, and
the repetition of my own, I could not reproach
him with feeing what did not exift. I thought
the whole might be an equivocal effeft, which
feemed the more likely, as the phenomena which
he fays he obferved in feminal vermiculi might be
occafioned by beings of a very different nature.
My experiments on infufions fuggefted it. I had
remarked, that there is no part of an animal in-
fufed that does not give exiftence to a particular
kind of animalcula. They are produced indiffer~
ently by the mufcles, brain, nerves, membranes,
tendons, veins, and arteries ; alfo by the blood,
ferum, milk, chyle, or faliva, mixed with water
or even by themfelves. I had not yet made ex-
petiments on human ferhen for a fimilar purpofe,
‘but it was moft- probable that the putrefattion of
it would give exiftence to particular beings : and
‘who knows, faid I to myfelf, that they have not
inadvertently been confounded with feminal ver.
miculi, and that M. de Buffon has afcribed to the
Iatter the properties and phenomena exhibited by

‘ A g the
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the former ? Perufing Haller’s Phyfiology again,
I found he was of this opinion ;. nay, that he
fufpected M. de Buffon had never feen the fpes-
matic vermiculi. ¢ Porro Buffonius, ut cum il
¢ lufkris viri venia dicam, omnino non videtur
¢ vermiculos feminales vidiffe. Diuturnitas enim
¢ vitze, quam fuis corpufculis tribuit, oftendit non
¢ effe noftra animalcula (id eft {permatica) quibus
¢ brevis, et paucarum horarum vita eft.” And in
‘another part of the fame volume, he adds, ¢ Ea
< enim experimenta (id eft Buffonii) manifefto du-
¢ cunt ad animalia putredinofa (1).” However, 1
‘thought -of alcertaining this fa&, by obferving
what fucceffively happened to femen long preferv-
ed.in a watch-glafs.
My firft experiments were on the human fe-
.minal fluid (2). The vermiculi died in three
“hours and a half, and were precipitated to the
bottom of the glafs. On the fixth day, the fluid
‘began to exhale a feetid difagreeable odour : but
‘no animated being was perceptible. The .bo- .
dies of the vermiculi were feen, apparently very
entire, in fome drops taken from the bottom of
the glafs. The feventh and eighth days, there
was no change ; but the feetor increafed. . On
the ninth, I difcovered very minute animalcula,
their

(1) Tom.7.
(2) 11 February, The Thermometer 45°.



n SEMINAL VERMICULL [ ]

" their “fize nearly” equalling that of fpermatic
vermiculi; but they had no-tail, and much re-
fembled. moft minute fpherules. Like infufion
animalcula, they fometimes ftopped at little

.fragments of corrupted femen: fometimes their

“eourfe was very rapid, retrograde or rifing and
finking in the fluid : In a werd, they poffefled
.every property of animalcula. They were feen
in every ftratum of the femen, and-thofe at the
bottom moved the dead bodies of vermiculi,
which were flill entire, and remained fo fome
.days longer. In the feminal animalcula, we re-
‘marked the fame periods. with regard to increafe,
diminution of numbers, and termination, as is
generally obferved in-the hiftory of other animal-
cula; only, when the globular amimalcula de-
ereafed, there came two other fmaller generations:
the laft, which could fcarcely be difcerned, conti-
.nued until the eighteenth day.

. While examining the femen in this glafs, I ob~
ferved a portion of the fame kind that had beea
put in another glafs, and placed in a ftove, that
it might experience a greater degree of heat (1)
.The effe¢t was fuch as we might expe©®. The
vermiculi lived longer, and the infufion animal-

-cula appeared fooner: the former died in five
‘bours, and the latter appeared in five days. They

were

(49 The thermometer at temperate.
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wer éof a globulat figure, had no tail, and all 'of
the fame fize and fpecies as thofe of the preced-
ing obfervation. The other two colonies then
appedted, the globular always remaining. =
Having again prepared the fame kind of fe.
men, 1 had an opportunity of feeing the effe& of
heat in accelerating the prodution of animal.
‘cula (1) Some were found in the fluid in lefs
than twenty-three hours after it was taken from
the dead body. Thefe were of a different fpecies
from the globular; they were three times as
{arge, and of a cylindrical figure. The body in
fwimming undulated like a ferpent, which did
ot occur, or was unobferved, in the globular
animalcula. The dead vermiculi feemed to be
their food ; becaufe the animafeula inceffantly in
motion farrounded them, and pecked at them
-with the anterior part of the body. In three days,
other animalcula as minute as the fpermatic ver-
miculi appeared, along with the cylindrical ; and
‘I remarked a circumftance which in femen I had
not obferved before. In the Tra& on infufioh
animalcula, the propagation of many fpecies by
‘natural divifion has been fpoken of at large. It
‘has been faid, that, in feveral, the divifion begins-
in fuch a2 manner that the animalcule is gradually
tleft acrofs, until it is divided into two equal
T pasts,

(1) 22 May, The thermometer 63°. ‘
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parts, which become two animals fmaller than the
firft : but we had to learn whether this mode of
propagation could happen with animalcula fimilar
in fize to femijnal vermiculi. Several feores divided
tranfverfely before my eyes ; and the divifion or
propagation continuing feveral days, the feminal
fluid, which had become exceffively feetid, nowr
teemed with life. But the number of thefe, as
well as of the cylindrical animalcula, graduwaily
diminithed, in the fame way as the mumbers of
mfufion animalcula decreafe ; and on the twenty
firlt day,.all had difappeared. There only res
mained an univerfal obfcure fermentation of the
femen in no particular dire&tion, but the feminal
molecules were tumultuoufly driven  about to
every fide. I was not long in perceiving. that
this irregular agitation was occafioned by a mule
titude of moft minute animaicula concealed in the
femen, which their courfe had putin motion ; and
of this there was complete evidenze by diluting
the femen with water, as they were them accus
rately difcerned, appearing about hnlf the fize of
The phenomena difcovered in the femen of the
horfe were analagous te thofe in the human fee
men (1). The vermiculi lived fevea hours, and
then were precxpxtnxed to the. bom;n, where they
mmmcd

(a) 26 July, The thermometer 88°%

s
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remained long “eittire ; the body and tail were
complete for a month. In fourteen hours,
the femen began to exhibit fymptoms of
putridity, and then were infufion animalcula
vifible ; they increafed; and on the fifth day,
there were many fpecies. One particularly de-
mands our notice : not only did it multiply by
longitudinal divifion, but the fize and figure
changed every moment. Sometimes the animalcu+
Ia contracted and became round ; fometimes they
dilated and became elliptical, as I have remarked
in feveral fpecies of infufion animalcula.

‘When this experiment on the femen of the
‘horfe was made, one fimilar was rhade on that of
the rabbit. - The vermiculi perithed in four hoursy
and fell to the bottom ; animalcula appeared in
fifteen. Two fpecies multiplied by divifion ; and
one exhibited the contra&tions and inflations al-
ready defcribed. '

_ 'The fame experiments were made on the fes
sminal fluid of the ram, dog, ard bull ; on that
of frogs and newts, with analogous refults. In
the beginning, and during the progrefs of putre.
fadion, each produced different animalcula, and
all difplayed numerous and different fingularities.

Their number increafed ; it diminithed, and be.
~ came very fmall. The animalcula were different
in figure. and fize, and fome fpecies multiplied
by divifion ; whlch proved that animal femen re-

fembled
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fembled vegetable feeds, from the many kinds of

beings to which it gave exiftence.
- Thefe fa@s afforded new light in illuftrating how
erroneoufly Buffon had afcribed to feminal ver-
miculi properties that belong to animalcula of
infufions only. Let us colle& the circumftances
in a few words.—According to him, the vermi-
culi, after a certain time, were deprived of their
tails. He fhould have faid, the animalcula of
infufions came in the place of the vermiculi,
which were already dead and precipitated to the
bottom of the liquid. He was arrefted by their
firft appearance, and took them for feminal ver-
miculi deprived of the tail, which in truth they
‘often very much refemble.—When difengaged
from the tail, he adds, they acquired much great-
er a&tivity. “This was a neceflary confequence of
the firft miftake. When the animalcula had
come, their increafed velocity could not be un-
obferved, fince they move with much greater
rapidity than vermiculi ; and the erroneous fup-
pofition being admitted, Buffon had to relate, as
he has done, the remainder of the phenomenon.
He had to fpeak of the imaginary changes of
the vermiculi, of their divifion and diminution,
- with the more confidence, as his opinions were
confirmed by a repetition of his experiments, if
not on all, at leaft on many fpeclcs of infufion

ammalcula in the femen.

1 higk
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* 1 think T have had teo numerdus and tob des
cifive proofs to doubt that the phenomena feen
i infufion animalcula of femen are totally dif-
ferent from the phenomena exhibited by feminal
yermiculi. May I not at once be permitted to
@ppole my experiments to thofe of the celebrated
De Buffon? 1 obferve that all the feminal fluids
&e has ftudied, and where he has difcovered the
phenomena of which we have fpoken, have alfo
been ftudied by me. I perceive that even more
have been examined, and thofe both of cold and
warm blooded animals. His obfervations on femi-
nal fluids were only made at certain times, and in

" one {eafon. - I judged it neceflary to extend mine

to all feafons. My microfcopes were not infe-
gior to his, nay, they were much better. How
then is it poffible, that in the fame circomftances
with the French naturalift, and even in fituations
more advantageous for examising the phenomena
of feminal vermiculi; hew is it poffible, I fay,
that thefe phenomena were never obferved ? that
I never obferved fome, or remarked a fingle one ?
—What do I fay? Not only have I never feen
any of the phenomena, but beheld what completely
coatradiGted M. De Buffon’s obfervations, in all
the fluids, many, many times examined. Such
for example is the imaginary aftivity acquired by.
yermiculi, in proportion to the time they remain
in femen ; fince diretly the reverfe happens, as
o ‘ has
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bas been obferved and iz mentioned in the firfy
chapter. . For after expofure to the air, theit
motion, which before was quick, becomes much
movre languid ; and its greateft rapidity is whem
the femen comes from the animal’s body, which,
. as I have already faid, was remarked by Leeue
wenhoeck.

Bauffon fays, he obferved the phenomena three
or four days after the femen came from the
ammal, even an the eighth day in that of the rab«
bit. . This muf be impoflible, becaufe the vermi«
guli hvmg longeft, as thofe of the human femen,
which were examined by M, de Buffon, can
not exift above feyen or eight hours in the open
air, When fecyred againf} the influence of air,
in glafs tubes hermetically fealed, they do not fura
yive three days, as we fhall afterwards fee. Thus
it is certain, that the phenomena which the aus
thor obferved in his experiments could be ex.
hibited by none but the amimalcula originating.
in the feminal fluids when on the verge of cors.
ruption, or when they do carrupt, as fucceeds in.
other liquids that will corrupt, or asealready.
sacrupted. .

I cannot fupp;eﬁs my furprife, that the cele..
brated French author never doubted, whethey-
the animated beings which he beheld in femen
were really fpermatic vermiculi, or only animal.
¢ula originating there, that is, infufion animalqu~
I, Thefe animals, he well knew, originate no

lefs
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lefs in animal than in vegetable infufions when
beginning to corrupt ; for he fays, that in two
infufions, one made with the tefticles of- a ram .
in water, and the other with thofe of a dog, he,
in fome days, found' living animals fimilar to’
what he had feen in the femen of animals: that
is, globular or ovular, without tails, moving with
great aivity, and often changing their fhape(1).
‘¥ the animalcula of the two infufions were €x-
atly fimilar to thofe he had obferved in feminal
fluids, how did he not fufpe, that inftead of be.
ing fpermatic vermiculi, they might be infufion
animalcula ? He had "additional reafon to think’
fo, for he muft have remarked that the changes’
of figure, divifions, diminutions of fize, were not’
to be feen in recent femen, but in that kept fome
time, and about to cerrupt. Of this he muft have:
had certain indications, and an indubitable proof,
from the feetid and cadaverous odour ' which
the femen then exhales, which alfo, is convincing -
evidence that animalcula are produced in it on’
account of its putrefcence; confequently that we'
cannot confound them with feminal vermiculi.:
Another precaution might have occurred, and fav-*
ed him from error, had he chofe to adopt it, name-
}y, to examine the bottom of the feminal fluid’
and not the furface alone. There he would have

: - found”

- (1) Hifboir. Natur. tom. 3.
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found the vermiculi entire though dead, which
would have demontftrated, that the animals he
then faw in motion could not be feminal vermi-
culi; :

But all I have hitherto faid receives greater
weight from the comparifon that has: been made
between the vermiculi and animalcula of putrid
femen. In another work, I have fthewn that a
confiderable part of infufion animalcula appear
by th¢ mierofcope an aggregate of minute vefi-

cles, of different fizes, and more or fewer inveﬁf '
ed by a common pellicle, formiing the exteriof.
of the animal; that the pellicle and its veficles are -

loft and deftroyed when the animalcula die; and
if; while alive, they are wet with urine or vinegar,
the Body is deftroyed and reduced to nothing(1).
All thefe things are amply verified in the putre-
dinous animaleula of femen; but, with the ut.
moft care and attention, I have never been able
to fee any thing like it in feminal vermiculi. The
texture of the body and tail is not vafcular; it
is uniforiiily homogeneous, conne@ed, equally
folid, and compa&. For this reafon perhaps the
dead vermiculi fall to the bottom of the feminal
fluid; and the infufion animalcula commonly
fwim. The vermiculi likewife continue long ens

tire after death; urine, vinegar, even boiling,

cannot diffolve or decompofe their fubftance.
You. 1L B ) From

(i) Saggio di Offervazioni Microfcopiche.

i
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From all this, and from all that has already been
faid; we muft eonclude that the animalcula of
infufions, confequently thofe of putrid femen,
are of a nature and conftitution effentially diffe.
rent from feminal vermiculi. That it is truly fo
we may eafily determine, fince a fluid which af-
fords a falutary dwelling to the one is fatal to the
other.  Putredinous feminat animalcula origi-
nate and live in corrupted femen, but die in that
which is recent and entire. On the other hand,
vermiculi live with fafety in recent, but perith when.
put in corrupted, femen. The animalcula be-
come more lively and a&ive when water is mix-
ed with the femen ; the vermiculi, at leaft feveral
fpecies; become motionlefs and die. Of the
whole of thele fa&ls I have often convinced my-
felf: Whence, I conclude infufion animalcula
and fpermatic vermiculi to be two different fpecies.
of animals which we cannot confound without:
outraging nature. '

CHAP.

<
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CHAP, V&

- PEDUCTIONS FROM THE FACTS STATED.—M. DE
' BUFFON’S OBJECTIONS ANSWERED,

As 1 have taken the liberty refpectfully to re.
mark the errors of M. de Buffon, I muft ftill
tequeft permiffion to fhow the deductions that
may be made from his noted theory of organic
molecules. But to do this with the greater fuc.
cefs, it will be neceffary to bring under our view
fome of the chief points of that theory, =~
The illuftrious French naturalift fuppofes that
every animal and vegetable fubftance includes a
number of organic molecules, that is; a&ive and
incorruptible particles. He thinks they ferve for
the nutriment, increafe, and multiplication of all
beings, whether entering the body of animals by
means of food, or the fubftance of plants with
the juices they imbibe; that they intimately pe-
netrate -every part, unite there, and are indenti-
fied, if we may fay fo, and afford nourithment to
the plant or animal. If either is young, it ap-
propriates all the organic molecules, incorporat-
IR Ba ing
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| ing them with itfelf ; and, by cxtendmg and ex-
panding the fibre, they effe increment, If the'
" being is already an adult, if it no longer is fuf-
ceptible of expanfion, then all the molecules
being unemployed in mutrition, thofe which are
fuperfluous are depofited in the organs of genera--
tion, and fome appropriated for propagation of the
fpecies ; an event which fucceeds when the organie
molecules of the male are mixed with thofe of the
female in the matrix, fo that the moft analogous
tend to-approach each other; and, uniting in virtue
of certain relations, form individual wholes, re:
fembling, as in miniature, the different parts of
. the two individuals in which they are modelled 5
from all thefe individual wholes: togethier, there
refults a general whole, which is:the embryo;-

If the organic molecules-afforded by the mak
are more numerous tham thefe afforded by'the
female, or more alive, the embryo will be a
male; if the molecules of the female' are more
numerous, it will be a female. The greater num:
ber derived from either will occafion the greater
refemblance in the embryo to the mdmdun.l from
which it has received them.

Large animals are lefs fruitful than finall ; the
reafon is evident. The former eftra& fewer or-
ganic molecules than the latter. A bull'draws
lefs nutriment from hay and ftraw, and confe-

quently
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quently fewer organic molecules than a"bee does,
in proportion, from the finer parts of flowers.

Animals covered with fcales are more produc- -

tive than thofe covered ‘with hair, .probably be-
~ vaufe, by perfpiringlefs, they accumuilate a greater
number of erganic molecules.
¥, inftead of collefting-in the organs of gene-
ration, the ‘molecules are carried ‘to other- parts
.of the animal, they there form minute living ani-
mals, as feniz and afearides, worms fometimes
“inhabiting the inteftines, the liver, and the fino-
fities of the brain. '

" “Thus does the theory of M. de Buﬁ'on explain
thefe phenomena, and fome others, which, for
the fake of brevity, I thill omit. Wifhing this
theory, the offspring of his fertile genius, to be
adopted ‘by:nature, he recurs to the feminal fluids
of animals and the infufions of plants, becaufe in
both, according te ‘his opirion, -are-organic mo-
Jecules -clearly exhibited -under theform of glo-
bular, ovular, or other fhaped corpufcula, en-
dowed with motion, fubjeét to various changes
of figure, dividing -into feveral fmall bodies,
and then acquiring greater altivity, which aug-
‘ments more and -more, as they are further de-
«compofed, until their mmutenefs renders them
«nvifible.

' This laft trait of M. de Buffon’s theory
: proves that it refts entirely on the fals.relatedby
B 3 its
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its author, thatis, an a falfe hypothefis, - For,
with refpeét to infufions, we have feen that there
is nothing in them to indicate organic molecules,
as the moving corpufcula there are attually ani,
mals, fome viviparous, others oviparous, and as
thofe, multiplying by divifion, da not produce
that progrefliop of fucceflive dimination which
Buffon imagined he faw, but the fmalleft grow
larger like other animals, '

Having found the living putredinous bemgs of
femen to be exallly of the fame kind as thofe of
infufions, by a diret and conclufive confequence
it follows, that they could never be confounded
with organic molecules; and we may fay the
fame of feminal vermiculi, whofe animality has
been fufficiently proved by the falts related in
this treatife, and thofe engroﬂ'ed in the fubfe-
quent chapter.

M, de Buffon’s theary is thus completely def-
troyed. Such is too often the fate of the hypo-
thefes of ardent and fanciful philofophers, firft
invented and then fought for in nature. This
ingenious naturalift, diffatisfied with the theories
of generation already framed, and hurried on by
‘'his tafte for novelty, imagines an animated mat.
ter in bodies, original, incorruptible, and always
ative, which he fpecioufly denominates organic
molzcules, Making them a& according to cer-
tain terms, and with a certain effet, he thinks

" he
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he can explaih the great work of generation, and
the moft infcrutable phenomena it prefents, and
emplays all that powerful and perfuafive elo-
-quence which charaferifes him as the orator of
the age. Prejudiced in favour of his theory, it
was not difficult for him to find it in nature.
His views were lefs directed to fee what adually
exifted than to what he withed to find ; not
otherwife than his celebrated countryman, the re-
former of botany, who fancied that metals and
ftones vegetated, and thought he had evidence
of this imaginary vegetation, that he faw feeds
"and plants where there were none. If this
learned academician, who has ever poflefled my
full efteem, will take the trouble to repeat his ex-
periments on the femen of man and animals, with
better microfcopes, and, forgetting his favourite
organic molecules, impofe a rule on himfelf to re-
ceive as truth nothing but the images tranfmitted by
the fenfes, without adding the correttions of ima-
gination, as is the duty of a veracious naturalift ;
I can affure him he will find all that I have wit-
nefled a thoufand times, and defcribed fo largely
in my works. I earneftly entreat him not to
rejedt this without a trial, which muft certamly
refult to the advantage of truth.

I now mean to examine Buffon’s objections ir.-
tended to. prove that the living beings feen in fper-
matic fluids are not real animals. Some of them

. By have



24 SEMINAL VERMICULIs IL:

have already been anfwered in the beginning of

.chapter 3; and it appears,from what I have hitherto
faid, that fome are falfe ; fuch as, the formation of
the animals under the obferver’s eye ; the lofs of
their tails, and diminution of fize. Two yet remain
to be fpoken of ; their divifion into parts, and
their frequent change of fhape. Thefe: pheno-
mena are real, though never obferved in feminal
_vermiculi, and onlyin the animalcula of infu.
fions. M. de Buffon efteems them incompatible
with the charadter of animality.

With regard to the objeGtion concerning divie
fion, it is needlefs to ftop here for a difcuffion ;
and I pafs to the fecond relative to the meta-
morphofes of putredinous animalcula. It is true
that the body of the animals familiar to us is fq
conftruced that the thape never varies, and can.
not be materially altered without deftruction ; but -
it is no lefs true, that there are others experienc.
ing the contrary ; as for example, among infets,
many fpecies of worms. To be convinced of
this, it is only neceflary to glance at the opera- -
tions of Nature, or to open the works of natura.
lits. How many worms of this kind have been
elegantly defcribed by Redi and Vallifneri! A
fingle fpecies may ferve for many, and this is
the cucurbit worm. Is it not certain by the ob-
fervations of thefe two, efpecially .of the Tufcan
philofopher, that they affume numerous and vay -
_— ' rious
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l_ﬁous» fhapes, and, to ufe his own words, ¢ Some,
“times they contra& and fwell into purfes, fome-.
¢ times they extend and curve into a femicircle.?

Does not Reaumur fay the fame of certain’
worms changing into flies, whofe head, that past

conftantly the fame in moft animals, in this in.
fe {fo wonderfully changes its ‘appearance as to
be fometimes extended, deprefled, or contraGed §
fometimes obtufe in one part, and acute in an-
other. Do not we daily fec the fame changes
3n earth-worms, fnails, and particularly in leech-
¢s, extending the body till it is long and flender,
then contraéting till it becomes fhort and corpu-
lent, or growing thick at one end and {mall at
the other? -What fhall we fay of the wheel ani.
mal, that aquatic creature, which, from its won-
derful metamorphofes, we may term the Proteus of

the infe tribe ? If wheel aninrals, earth-worms,

leeches, fhell and naked fnails, and fo many
fpecies of worms (1), are not degraded from the
rank of other animals, notwithftanding: their dif.
ferent mutations of figure, the fame fhould be the
cafe with the'living beings in putrid femen (2).
-{1) The [author dops not mean that thefe apimals be.
long to the clats of vermes.—T. -

 (3) Notwithftanding this, Leeuwenhoeck obferves, ¢ Al,
# though feminal animalcula are fhaped like an ee), they can

¢ contraét their bodics fo much as o become round.’=T,
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. Two other objecions-are ftill to be appretiat-
ed; one deduced.from the fingular motion of fe-
tinal vermiculi ; the other from the different «f-
fe@s of heatand cold upon them. Let us-attend
to the firft. An animal, according to M. de Buf-
fori’s reafoning, is fubjeft to change its inclina-
tions, Sometimes its motion is quick, fometimes
flow, then it ftops and refts. But nothing of
this occurs in' feminal vermiculi: they are in
continual motion, never reft, and when once they
flop, it is for ever. Hence they camnot be ani-
mals. This objetion is, like the former, both be-
ing founded on the amalogy of the large animals
beft known. to. us ; which, as they do not change
their fhape, naturally have the viciffitudes of
reft or motion, of accelerated motion, or the
like. But to admit that fuch viciflitudes are cer-
tainly a chara@eriftic quality of animals, it is im-
proper to confider thefe alone; it is neceffary to
examine other genera and . other fpecies, and to
dwell particularly on the fmalleft, efpecially thofe
inhabiting fluids which have more analogy to
fpermatic vermiculi. It is undoubted, that a.
mong them M. de Buffon would have found
feveral animals, which, far from having the alter-
natives of motion and reft, are naturally in mo-
tion ;- fo that their life ' feems to confift in a per-
petual motion.  To afcertain the fa&, it is necef-
v fary, durma fummer, to obferve the water of

- mardhes,
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marfhes, ponds, and ditches, where all infeQs
are, There we fhall fee fome in motion. by con-
ftant contorfions ; as, for example, the worms
mentioned by M. Trembley, ferving polypi for
food : the body is continually in ofcillation (1).
‘Without the trouble of feeking them in the
. -country, M. de Buffon may at his leifure obferve
" it at home in the eels or ferpentuli generally
.found among vinegar. If a fmall portion of this
“liquid is put in a thin glafs veflel, and expofed ta
‘the light when the fun fhines bright, on ex-
amining the higher parts with a magnifier,
where the eels are more diftin&ly feen, their con.
torfions and undulations appear inceflant ; they
dart from one fide to another, and continue thus
from morning to night ; in this manner da they
perfevere feveral months, that is, to the end of
their lives. It would feem, from thefe fa&ts, that
the perpetual motion of feminal vermiculi cannot
be a fufficient reafon for proving they are not
animals. But, farther, fuch motion is not natural
to the vermiculi; it is forced and violent ; for
they have quitted their native abode to enter our
atmofphere ; they experience the lively impreffion
of the air, which hurts and injures them, and con-
ftrains them to perpetual flight. Doubtlefs the
air is noxious, and occafipns their continual mo-

» tign,

(1) Memoires {pr les Poly'pqs.
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tion; as is proved by fa@ts. To fix the point, T
waited till the human femen cooled. I then took
qome drops, and fpread them very thin on a
-watch-glafs. The vermiculi of the fpread drops,
'though thefe were of confiderable thicknefs, con-
ftantly perithed fooner than thofe of the whole
Jemen ; becaufe, asI think, the former were more
expofed to the air. Two equal portions were tak-
«en at the fame time, and the one put in a clofe
-and the other in an open veflel : the vermiculi of
the latter always died fooner. "Theprivation they
anderwent clearly afcertains how injurious this
element was to them. They tived longer in vacuo
than in the open air ; fo that afl were dead, when
fome ftill lived in a vacuum. The difference of
time in their death was an hour and a half, twe,
«even three hours, and fometimes longer, accord-
ing to the feafon of the experiments. Thefe falts
prove, that the air is noxious to the vermiculi;
and the following evince that it is the caufe of
their being in continual agitation. Capillary
tubes were made at the blow-pipe, and one end
jmmerfed in recent femen ; it afcended the cavi-
ty of the tube to a confiderable height. Break-
ing the tubes mear the part to which it rofe, I pre-
fented this extremity to the blow-pipe, and in-
ftantly fealed it. The fame was done to the o-
ther end, by which means the feminal fluid was
geprived of all communication with the external

air,
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air, The tubes were fo drawn out, that the thin-
nefs of the glafs permitted me to fee the vermi-
culi within. The peculiarities they prefented
were very different from thofe of the reft.. AlL,
ar at leaft moft of them, had a fingular mode of.
moving ; fome had that kind of motion obferved
in thofe expofed. to the open air; others had a.
continual irregular motion, changing from ve~
locity to inaction and reciprocally ; others ftop--
ped entirely, and, after refting feveral minutes,.
refumed their former rapidity : we did not fee
them inconfiderately firike againft the folid por--
tions of the femen, as was remarked in the.
‘firft chapter, but always avoiding them and
turning afide or retreating. Thefe peculiari-
ties indeed fucceeded better, and with more
uniformity, when the tubes were kept warm. [
have before faid, the longeft period of life of the:
human vermiculi is feven or eight hours when.
expofed to the opem air; but how much is
it prolonged when they are included in tubes ?
In fummer I have fucceeded in preferving them
two days or more, and in fpring and autumn alv
moft three(r).

It

(1) Authors difpute very much concerning the duration
of the life of thefe animals. Some bave fuppofed they live
only a few hours, and others, feveral days. Lecuwen-
hoeck is a moft exa® obferver ; he fays, he put the fea

men
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+ It will undoubtedly feem paradoxical, that the’
vermiculi live longer in fpring and autumn than
in fummer. The reverfe apparently fhould hap-
pen; for the heat of fummer fhould be more’
congenial to them, as it approaches nearer to the
natural heat ofliving man, At firft, it gave me-
confiderable furprife, nor was it diminifhed on
refleting, that in open air they live much longer
when the weather is warm.  This induced me to
repeat my experiments. And I conftantly found,
that, during fummer, they never lived as long in
tubes as during fpring and autumn. In fummer,
they abfolutely die fooner on the warmeft days.
With a little refle®ion, it is not difficult to com-
prehend the caufe of the difference. We have
feen that the femen of man and animals, when
removed from its natural fituation, very foon
becomes putrid, and putrefattion takes place
earlier as the heat is greater to which it is expos
fed. To this caufe, therefore, I afcribe the more

immediate

men of a dog in a glafs tube during fummer ; many ani
malcula were dead the firft day, more on the fecond and
~ third, and on the fourth very few were alive, Next year,
he examined fome femen taken from the fame dog ; for fe-
wen days and nights, fome animalcula were Rill alive, and
a few fwam with as much velocity as if they had recently
come from the animal. - D¢ dixturna vita animalcwlorum in
Jomine mafeulo canisimsT4 '
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immediate death of' vermiculi in capillary tubes
during fummer. - Having filled fimilar tubes with
recent femen, and fealed them hermetically, I ex-
poled fome to the heat of the atmofphere at about
613°, and others to the heat of the human body,
keeping them in the axilla in a large glafs tube.
‘In a ftate of health, my own heat is about g7°.
The vermiculi expofed to the heat of the atmo-
fphere lived two days and a half; fome even
three ; but thofe experiencing the heat of my
body fupported it only thirteen hours. Their
more immediate death cannot be afcribed to the
greater degree of heat, fince it is about the fame
as what preferves them alive, or in which they
generally live : Nor can we afcribe it to any other
noxious principle arifing from the nature of the
tubes, fince they were perfeitly fimilar to thefe
expofed to the atmofpheric temperature. k
therefore becomes neceflary to recur to fome al-
teration or noxious quality contralted by the fe-
men, which makes heat accelerate their death:
and I acknowledge, that I cannot find this altera-
tion or injurious quality but in the principle of
putrefaltion, which is manifefted by the feetor
on breaking the tubes: certainly it is this that
muit be fatal to the vermiculi, as I fhall demon-
firate in Chapter 6. The putrefying principk
does not commence in the femen expofed te
the open air only feven or eight hours in fummer.
hr On
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On the éther hand, as the heat of fummétr near:
er than that of any other feafon approaches what
the vermiculi experience in us, we ¢clearly fee why
they then live longer in the open air than at any
other time: and for the fame reafon we may under-
" ftand why life is abridged in proportion as the
cold increafes.

But it is time to come tothe obje&ion of heat
and cold which the author thus propofes. On
expofing the femen to the cold air, the vermicu-
li did not feem to fuffer from it. They continued
moving with their ufual quicknefs as long as
thofe not expofed, though the fluid had acquired
that. degree of cold in water on the point of
freezing, as one might be convinced by touching
it.  On the contrary, if the fame vermiculi fuffer
heat, their motion ceafes, although the heat is
moderate. In confequence of thefe facts, if the
vermiculi are real animals (I am relating Buffon’s
reafoning) they will exhibit an appearance
and conftitution very different from the appear-
ance and conftitution of other animals; -as too
much cold relaxes and deftroys motion, whereas
mild and moderate heat preferves it.

- 'We muft regret that our author, mftead of t
ufing tation to judge of heat or cold, did not
employ a thermometer; for all philofophers
know the touch is a very equivocal proof. He
ought to have difcovered precifely at what degree

. : of
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of heat the motion of vermiculi ceafed, and the -

degree of cold by which it is not relaxed. I
have efteemed it moft effential to fupply this de-
fed, in order to obtain arguments more conclu-
five and decifive, and to learn if, with refpe to
heat and cold, the vermiculi are of a nature and

conftitution much different, as M. de Buffon ima-’

gines, from the nature of other animals.
Though the obfervations in Chapter I. do not
feem to beftow that vigour of conftitution fuffi-
cient to enable them to refift cold, fince it feem-
ed their motion decreafed with the decreafing

" heat of -the atmofphere, fo that when the ther- .

mometer ftood at 36°, they continued moving on-
ly an hour and a half : yet I refumed my expe-
riments, refolving to extend them further, and
fubje@ the femen to a degree of cold equal
to freezing, and carefully obferve what thoudd
happen to the vermiculi. The femen firft ufed
was that of the horfe. On the 14 of Janu.
ary, it was expofed to freezing : the vermiculi
could not,Be more vivacious ; their vivacity evi-
dently diminifhed; and in fixteen minutes all
were motionlefs, though the femen was not froz-
en. The cold becoming more intenfe on the
18, I repeated the experiment. The vermiculi

became motionlefs in eleven minutes. The ther-

mometer ftood at 8° below freezing, but the fe-
men was flill fluid. The experiments were often
Ver. IL C repeated




34 SEMINAL' VERMIEULI. H..

repeatéd during winter. ‘They conftantly prov-
ed, that the duration of motion was propertienied’
to the temperature of the atmofphere.

In profecuting my experimenta,on the femen oft
the horfe ift fumter, a thought octurred ‘of fub-:
jeéting vérmiculi to the cold of freezing, by ims
meérfing the glafs that- contained them in fnow.
The fame effect’ was produced as by the winter’s.
cold, thatis; in fourteen minutes, it-made them
motienléfs ; though, when - expofed in another-
glafs-to-the heat of " the atmofphere, they moved’
feven hours and a half. An accident: thit Hap-
pened in-the fummer experiments afforded” newt
intelligence,; and divefted me of a prejudice. Ob--
ferving that the vermiculi had become motionlefs,
I took the glafs from the fnow; and left it expofedt
to-the air at 81°.- An hour after, it- aftonithed:
mé to find all-the vermiculr reanimated irfuch a:
manner-as if they had juft come from the féminal-
veffels. I thien perceived-the cold -had not been’
fatal, but had reduced- them to a ftate: of com--
plete inaction.. They were replaced ‘arm'on'g the’
fnow, -and in- three quarters of an hour being *
taken out, I obferved thefe phenomena: In a few+
minutes, their vivacity relaxed, and the diminu--
tion increafed until they loft the motion ef pro--
greflion, and retained that of ofcillation - only, -

"which alfo ended in a few minutes more. Ex--
aitly the reverle 'was feen, when they pafled from:-
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the coll of fnow to the heat of the atmofphere.
“The firft inotion that appeared was ofcillation ; .
the body and t4il bégan a languid vibration from
"right t3 left, and réciprocally ; motion was then
tomimunicated to the whole vermiculus. At firft;
# was fcarcely perceptible ; it foon increafed, and
grew very confiderable. It fhould likewife be
ddded, 4$ cold does not render all the vermicult
motionlefs at, the fame moment; but feme later
~than octers, perther does hedt aﬁ'e& alt with equal
" power:'
* 1 fubje@ed the fetmnal flulds of man and the
‘Buill to the fame experiment, and "had the fame
réfults as from the femen of the horfe, except
that a degreé of cold lefs than freezing immedi-
ately deﬁroyed all motion in the vermiculi of the
bull: '
On ‘dpproaéﬁ of the following winter, the fame
- éxpetiments were refumed ; and I fucceeded in
feanimtirig tdrpid vermiculi by breathing on the
femen, by applying my  finger to' the tube on
~which fome drops were put, "ot by placing it near
thefire: - Removed from this reviving heat, they
_feft into the fime léthargy 'as when in fummer
fhey “weré tranfmitted from the "atmofpherical
fefiperatire 'to the cold ‘of fnow. During the
rigorous feafon, I éxpofed them to a more fevere
trial : they - vtre expofed to - cold -above ¢
‘belovb‘ fteezmg As might have''been expeéted,
! : Ca it
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it immediately rendered them motionlefs. Im
five minutes, not a fingle vermicule moved.
When they had been: expofed five mimutes long-
er, they were tranfported into warm air, and left
there for fome time. Although this intenfe cold
continued ten minutes,. the femen was not frozen,,
but it had fatally injured a complete third of its
inhabitants. They evinced no fign of Lfe when
removed to, and kept long in, a warm fituation 5
en the contrary, they had all the appearance of
death. The other vermiculi recovéred indeed,.
- but their motion. was languid in comparifon te.
what it was before. The experiment was made
" 15 December, and repested on the evening of
January 5 at 1o% under freezing.~In about a
quarter of an Four, I perceived the femen begin.
to congeal about the edges of the glafs; I then:
put it in.a.ftove, but it was an ineffeCtual- remedy
for the vermiculi.. Not one recovered ; and thofe
environed by the ice perithed as well as thofe in
the fluid parts.. The like happened to the ver-
miculi.of ether two- glaffes, on which I made the.-
fame experiments this %evening, notwithftanding,
care was taken to regulate the different degrees:
of heat, left too fudden tranfition. from heat to:
cold might be injurious.. -
. Such were the experiments with cold: any,
one may draw. the conclufiops. -Very far from,
excluding vermiculi from the rank .of animals, it
. ' o " furprifingly
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farprifingly confirms them in it. For what can
more fatisfa@orily prove it than feeing languor
become more immediate as the cold is more in-
tenfe ; feeing the vermiculi revive when brought
fo heat ; and to witnefs their a&tual death, when
the cold is of a greater degree? Such is the
ftate of moft fmall animals, deprived of a&tion
and rendered torpid by cold ; with heat, they re-
cover life and motion, and yield under cold fill
more intenfe.

How can thefe fa&ts, multiplied, repeated, uni-
form, confequently certain and incontrovertible,
fubfift with the affertions of Buffon, who fup-
pofes cold does not impede the motion of feminal
vermiculi? Inftead of negativing this illuftrious

‘Frenchman’s affirmation, I think there is a me-
thod of conciliating our obfervations. 'We have
already remarked the error which occafioned his
confounding vermiculi with animalcula, and afcrib-
ing to the former the properties pertaining to the
latter only. It is very likely, that the effect of
cold he has obferved on vermiculi is alfo a con-
fequence of the fame miftake; and this is the
" more probable as it is feen in putredinous fe-
minal animalcula. Nor do the animalcula of in»
. fufions alone, at leaft many fpecies, withftand
cold of a great degree ; for thofe found in putrid
ferent are undoubtedly of that number. Several
éxperiments convince me of it ; but to avoid the
T C3 ennui
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ennui of my reader, I fhall not detail them,
There is one circumftance which ought not to be
paffed in filence; that although thefe animalcula
can fupport more cold than feminal vermiculi,,
their motion does become languid ; and, on in-
creaﬁng it confiderably, they perith like infefts
which yield to the greateft degree of cold.
When [ found thefe methods of conciliating
, Buffon’s experiments and my own, with regard
to the phenomena from cold, I attempted to find
the fame refpe@ting thofe exhibited by heat, but
that was impoffible. My obfervations have been
dire&tly oppofite to his. Thofe he made are com-
prehended in a few Words ¢ The motion of
“ yermiculi ceafes when they are expofed to a
S« fmall degree of heat.”” T entreat the reader to
examine mine, that he may be enabled to com-
pare and form an opinion. "

Two watch-glaffes were put on water contained
in a veflel, one containing a portion of recent fe-
men, full of vermiculi; the other, an equal quantity

of femen, old and fwarming with putredinous
animalcula. To know the fucceflive' degrees of
heat, I had put the ball of a thermometer into
each glafs. The water was gradually heated on
a flow fire. As the thermometers rofe, I took
fome drops of femen from the glaffes for examin-
ation with the microfcope. The putredmous ani-
malcula were very vivacious at 99 3 at 104°%,
: their



‘H BEMINAL VERMICULL 39

their motion began to grow languid ;. at.106°
and 108°, all perifthed. Seminal vermiculi are
of a more thardy - conftitution : they were allive
at 111° ; fome began to perith at 120°; and at
131°, there was not one alive: {o that the dif-
‘ference which occafions the deftru&ion of the one
and the other is about 22 degrees. The vermi-
culi were thofe of human femen. The fame ex-
periments were made on the femen of the horfe,
the bull, and the dog. There was fome little
ifference : thofe of the horfe and dog perithed

-at 126°, thofe of the bull at 133°.
A number of capillary tubes wecre next filled
-with femen, partlyfull 6f"feminal vermiculi, and
partly of putredinous feminal animalcula. Ifealed
them hermetically, and put.them at the bottom
of a veffel of water, which was gradually warm-
ed. A thermometer was alfo immerfed. When
the water had attained 9¢°-of "he#t, 1 began to
examine the tubes one after another, as the
heat increafed. The feminal vermiculi of man,
and the other animals, died at 122° and 124°;
and - the putredinous - apimajcula ; at 1067 and

108°.

Thefe fa&ts demonttrate, that -animalcula, ori-
ginating in putrid femen, are of a conftitution
better calculated to refift heat, which many other
-gnimals fupport, and which die only at the fame
-degree that animalcula from putrid fubftances
C 4 die,
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die, or nearly about it. And feminal vermiculi,

‘inftead of ceafing to move and perithing at a fmall
degree of heat, according to M. De Buffon,
fupport as much as is deftrudtive to many other
animals ; which far from being wonderful is' ra-
. ‘ther congenial to their nature, fince they live in
‘warm blooded animals, that is, in an atmofphere
ih general much warmer than the air, and other
fluids -where animals are found, and it is fit
that they fhould be able to refift much greater
heat. '

. CHAP. VI.

NEW EXPERIMENTS AND OBSERVATIONS TENDING
TO DETERMINE THE NATURE OF SEMINAL VER-
MICULL '

I sLatrer myfelf that the reader will not be
difpleafed, if he does not find the fame order and
connetion in the reft of the obfervations, which
I have hitherto endeavoured to preferve, It is
neceffary to confider what follows as an appen-
dix, which, in my opinion, muft indifpenfably
be added to prove the animation of the vermi-

- culi
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'culi with greater certainty ; thigbeing one of the
chief objetts propofed : and, when once eftablifh-
ed; not only will the contradi@ory opinions con.
«cerning the nature of fpermatic vermiculi, already
explained and difcuffed, be confuted, but we may
alfo anticipate every new hypothefis that can be
fuggefted.

One day, during winter, I had abundance of
femen, taken from the veflels of a dead body (1) ;
and, wifhing to preferve the vermiculi fome hours
alive, put the glafs containing them in the fun.
fhine, on the outfide of a window. The heat of the .
fun was 70°, which kept them alive a confiderable
time: but obferving the vermiculi an hour after-
wards, it gave me extreme furprife to find almoft

+ the whole motionlefs. Iknew not whether this -
indicated real or apparent death ; and, thinking
to fatisfy myfelf by expofing them to greater heat,
I tranfported them near the fire. Experience
had taught me how inftrumental heat is in reftor-
ing vermiculi to motion. But it was in vain;
and although kept here a long time, they mani-
fefted no fign of life. It was otherwife with thofe
left in the fhade, and thefe carried to the fires
for there wasanother portion of femen in a watche
glafs in the fame apartment, The vermiculi alfo
: : had

' (1) When the kind of femen is not fpecified, that of
man is always underftood,
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‘had become motionlefs, but they foon refumed
their original vivacity. The fingularity of the
_phenomenon made me fuppofe it accidental, and
1.did not think of repeating the experiment during
this winter and the following fpring. But I had
Tafterwax".ds-occaﬁon.tovobferve, that the fun was
conftantly fatal ‘to vermiculi in a few .hours;
sthough the intenfity of the heat did not equal the
degree which, in the preceding chapter, is faid to
have been fatal to them. This was afcertained
by means of the fun.in autumn ; but the pheno-
;menon, which I at firft thought accidental, has
,appeared conftant and invariable. The folar in-
fluence, at the fame time, s no quality noxi-
ous to the putredinous animalcula of the fame fe-
men, provided its intenfity does not raife the
thermometer to 106°.or 1089, which alfo can-
tributes to prove the difference between the ver-
qmiculi and animalcula.

The novelty of fuch refults was a fuﬂicxent in-
gentive for inveftigating the caufe. Experiment
having fhewn me that a certain degree of folar
heat quickly kills vermiculi, though an equal de-
gree in an apartment does no injury, I could nat
be perfuaded tha: the fimple heat of the fun
caufed their deftrution, but imagined fomething
entirely different. My firft idea was, the agitation
cof the air: Iconceived that, by putting the femen
‘n the outfide of the window, the vermiculi were

: ' © ‘more
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more affeCed by the fenfible influence of thiy
element, and fooner, yielded ynder it -than thofe
within the apartment, where the air was lefs agi-
tated. My fyppofition was erroneous ; for, put:
ting oyt two glafles with the famg femen,
equally expofed to the air, and only with
the, difference, that one was. in the funfhine
and the other -in the fhade, thofe in, the fun al-
ways died fopner than thofe in the fhade. . Fure
ther : a divifion was put in the feminal fluid of
the fame glafs, feparating it into two parts, fo
that one was expofed to the funthine and the
other was not ; it uniformly happened, that the
yermiculi of this latter portion long furvived thofe

of the other.
Attentively contemplating that in the folar rayg
with the naked eye, I fufpected another caufe.
The femen both greatly diminifhed, and became
denfer ; likewife, the colour.changed. This in-
creafed denfity might be prejudicial. An eafy
method was employed to afcertain the fa&, which
was to prevent the evaporation of the femen in
the fun, becaufe the denfity might be occafioned
by evaporation of the more volatile parts; and
my purpofe was attained by hermetically fealing
feveral capillary tubes full of femen, and then ex-
pofing them to the fun, along with another por-
tion of femen in a watch-glafs. The thermome-
ter ftood at 73° in the fun. Thofe in the watch.
glafs



7] BEMINAL VERMICULY, n

glals did not live an hour; but the vermiculi in
the capillary tubes retained all their vigour at
fun-fet, though the experiment was made in the
morning 5 and an hour after mid-day, the heat
-of the fun was 104%. On the fucceeding days,
other capillary tubes were put in the funthine as
above ; . the vermiculi, as ufual, were long alive
Therefore thefe repeated fals prove two things ;
Jir/?, That the fudden death of vermiculi in fun-
fhine is not properly the effet of the fun, as it
would have killed thofe in the capillary tubes as
foon as thofe in the open'veflels ; fecondly, We
can afcribe their immediate death only to
fome vicious quality or alteration acquired by the
femen, when expofed to the air, and againft -
which it is fecured in a clofe veflel. "But as it
does not feem to arife from any other caufe than,
the infpiffating of the femen, for putrefa@ion
cannot begin in fo fhort a time, we are induced
to fuppofe this the fole caufe of their death, af
leaft an effential reafon. \
* Thefe fa@ts are illuftrated by the following ex-
periments : Two glafs tubes filled with femen to a
given height, and ftopped witha ftopper well fitted,
were placed in the funfhine : one ftopper touched
the femen ; the other was an inch above it: the
tubes were in an erett pofition, and an equal
quantjty of femen in each. In an hour and a
half, the influence of the fun had occafioned no
| evaporation
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evaporation in the tube with the ftopper touching
the femen ; indeed it was impoffible, as no vacui~
ty was between them; but-the {femen in the
other tube had evaporated. The infide of the
glafs and the end of the ftopper were covered with

a thin pellicle, formed of a very tranfparent fluid,

which could be nothing but the more fubtile parts

of the femen volatilized by heat. The quan-
tity was diminithed, which could mot be other-
wife, and it was a little thicker ; neither of thefe
~ sircumftances was remarked in the other tube.
Both the fluids were examined with a magnifier :
the vermiculi were alive where there was no evapo-
ration ; in the other tube all were dead. Thus itis
- evident, the folarheat does not kill the vermicali; .
 but that their death is occafioned by fome noxi-
ous quality imparted by it to the femen, ecither
confifting in that thicknefs, or fomething elfe de-
rived or generated on the occafion, which alfo
correfponds with the nature of animals that are
injured and perith, if the ambient fluid in whick
they live, aerial or aqueous, beglns toralter and
fpoil.

It thould likewife be explained how two degrees
of heat, equally intenfe, can produce fuch oppefite
efle@s: for, the immediate alion of funthing
kills the vermiculi, while that of a heated aparts
ment does them no injury : but my obfervations

: ' have
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tobacco; the effluvia of the moft ardent liquors,
and the eleéric fpark, as I have proved, we fhall
have an aflemblage of proofs fo convincing, fo
decifive of the real and abfolute animality of fe-
minal vermiculi, that I know not what other evi-
dence could be requxred to prove that atoms,

. minute as points in matter, are of fuch a nature
as vermiculi feem to be.

I muft juftify myfelf for the inconfiftency of
what is now related, and the brief account of ver.
miculi in my firlt treatife on infufions (1)..
There I {poke negligently ; I had not then ftudi:
ed them ; but trufted to what others had writ-

-ten, and adopted the theory that feemed beft
fupported by fa@s. I did not hefitate to embrace
. M. de Buffon’s opinion ; and, with him, fuppof-
ed vermiculi- were not real animals, as his fenti.
ments appeared to be fupported by obfervations
more numerous, better detailed, more conneted
and convincing, than thofe of Leeuwenhoeck.
At that time this was my opinion; and it would
have alwgys continued the fame, had not the ob-
“fervations narrated here convinced me of the
contrary ; and I flatter myfelf that nobody wil
seproach me if my prefent fentiments are different
from what they formerly were. .
' This

(1) Saggio di Offegvazigni Micrefeopiche,
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“This chapter fhall be terminated with fome re-
fections equally-curidus and nice; refpetting out
vermiculi. They were communicated to me in
a letter from M. ‘Boninet ; and the reader cannot
judge better of their import than by having them
beforehim. After inforining me of Linnaus’ fin-
gular opinion, that vermiculi are inert corpufcula
floating in the femen, he adds, ¢ I return to the
¢ feminal vermiculi, whofe exiftence cannct be
“doubted.  Of all animalcula in fluids they are
¢ thofe that have excited my curiofity moft. The
¢ elemient ‘in’ which they live, the place of their
¢ abode, their figure, motion, fecret properties,
* all, in‘a word, fhould intereft us in fo fingular
¢ a kind of dnimated beings. How are they form-
¢ &d there, how ‘propagated, developed, or fed;
¢and what is their motion ? "What beécomes of
¢ them when the liquid they inhabit is returned
¢ by the veflels,'and mixed with the blood ? Why
¢ do they appear only at the age of puberty, or
¢ where did- they exift before this period? Do
¢ they ftrve ho purpofe but to people that fluid,
¢ where' they are fo largely difperfed 7 How far
¢ Yire we from bemg able to anfwer molt of thefe

¢ queftions *and how probable is it that future -
¢ ages will be almoft'as ignorant of the whole as
¢ ourown: If, as I have faid, in the Palingenefie,
“ our world has been chxeﬁy made for intelli-

Vor. IR - B Y : | % genee
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¢ gence fuperior to our’s, it is that which knows
« the hiftory of fpermatic vermiculi, and that of
« the moft myfterious produttions of the globe,”
<part. 12 and 13, You may fee in Articles 31,
¢ 132, 133, 134, 1355 of my Corps Organifés,
¢ that in my youth ¥ attempted to ftudy animal-
¢ cula.. ‘Obferve what is faid on. this eecafion in
< Article 133, concerning thofe of infufions.
<« Refpedting the appearance of animalcula in
4 {ubftances that brave been boiled or expoled
« to a degree of heat at which we cannot con-
¢ ceive any animal may furvive, the difficulty
« ought not to furprife us toe much, as itis
« founded only on -our ignorance of the heat
¢ that certain animals may fupport. Befides,
¢ it is not certain that the animalcula were not
« in the infufed fubftances. Perhaps-they might
« inhabit the air confined in the veflel, and pafs
« from it to the infafien. Perhaps there ise
« perpetual: circulation of -aerial animaleula .in
« organized bodies, and in bodies organized in
¢ the air. ,

s¢:No animalcula-are better adapted than feminal
<« yermiculi to .demonftrate how well it pleafes
«¢ the Supreme Wifdom to multiply fentient be-
« ings, and- leave no portiom of nature void.
« Could we have fufpeCed that this precious li-
«:quid, the .reproduétive principle of large ani-
© -eeupals, is at the fame time deftined for ‘the
~ « gliment and pleafure of Jan\innumerable mul-
“ titude
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£ tittide of moft minute animated beings ?* Thus
*-has 'the Adorable Wifdom prefided aver the
#¢-formation of the univerfe, and known to.make -
“ the fame produ@ion ferve for fuch different
{13 p'urpofes- : .
% The Author of Nature,? “Have 1 faid, Contem-
¢ plation, Part. s. ‘Chap. .17," * has leftnothing
% ufelefs. The pollen .confurned in the genera-
% tion .of plants is very litdle compated with the
* whole quantity that each flower affords. Wi
“¢.dom has therefare created the induftriaus bee,
* which ufes the fuperfluous part of this duft
“with ah .art ;that .the moft fkilful .geometers
* cannot enough adinire. 'The pollen of the fa. -
“““.mina appaently fupplies.the neceflities of many
“.other infeéts ; and thefe infeés are in fome re.
*dpet to pollen what vermiculi are to the
¥ feminal fluid. .

* The origin of certain warims in the ‘human
*tbody, and:that of animals, is 2 problem yet un-
“folvetd by naturalifts : fuch, in particular, is the
*.origin of the Zenia : in' my Differtation, I-have
“fpuken at length of this fingular warm. The
“.arigiti of fpermatic yermiculi is a-preblem ftill
“.moke ‘profound. However, I thould much in-
¢ cline to prefume, that, like thofe mentioned in

' ¢ my Differtation, they originate from without,
¢ The change of temperature, abode, and nutri-
* tent, may produce firft In individuals, then in
o D= ' * fpecies,
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< fpécies, very material alterations difguifing the
¢ primitive’ appearance to our view. A worm
¢ deftined: to: five in the waters, and tranfported
¢ to our inteftines, might not perith, and yet be
¢ very much difguifed, efpecially if introduced
“when young, or under the form of an egg or of
¢femen ; and if the worm was to propagate, the

¢ fubfequent . generations would be ftill more dif-

¢ guifed. Let us, therefore, fuppofe that the fe-
¢ mina of certain infufion animalcula may be in-
¢ troduced into the feminal refervoirs by the’ cit-

.¢ culating dués: they might be developed and

¢ live there. .No doubt, this. new abode, a tem-
¢perature and aliment fo different, may greatly

-* affet the original form of the animalcula, and

¢ at length induce changes that may more and
“more remove them from their firft appearance.
¢ All mankind had the fame origin. What va-

- rieties, what firiking varieties are there in'the

¢ humman fpecies ! Let us compare the “inhabi-

- “tants of the frigid zone with thofe of the tem-

¢ perate regions, and. thofe of this with the inha-

+¢ bitants of the torrid zone ; and we fhould fup-
.¢ pofe we faw different fpecies of men ¢1). The

¢ feminta

| (1) M. Botinet..cxtend%--analogy toofar: and himfelf
proves the dangers of analogical reafoning. Whether
théxfe are a&ﬁa}ly_,diﬁ'er;nt‘races of men on the earth,

which ,_cq,imot have had the ‘fame origin, or whether alk

may
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sfemina of fome infufion animalcula ate'proba-
‘.bly fo minute, that they may eafily arrive at the’
D 3 ¢ reférvoirs

m.ay have fprung from one parent, may well be t};:,fub-_
je& of difpute. It belongs to the philofopher te admit no-
thmg but evidence. Prejudicc, tradition, and analogy
muft be rejedted, elfe he will never attain the way to truth;
and fa@s alone mnft conftitute the foundatxon of his
knowledge. :
"This is an important fubje: it merits mature inveftiga-
tion. From the inquiries of madern naturalifts, there is un-
doubtedly great reafon to believe that there are confpicuous
varieties among the races of men now inhabiting the gl.obe ;“
varieties fo friking as neither to be affe@ted by climate nor
the mode of life. Independent of the fize -of the perfon,
the colour of the fkin and the nature of the hair, on all
which climate may in general have a confiderable effe®,
there is a difference in the figure of certain bones, and in
the length of others that feems peculiar to the men. ‘The
quantity and proportion of fleth are varioufly diRtributed
over fome parts of the body: and one of the frongeft
evidences of a diftin& race is the fingular conformation
of the Egyptian and Abyf{linian women, and thofe of the
interior of Southern Africa. .

: It is. very poflible that caftial mutilations or"natural im-
perfe&tions may be tranfmitted to pofterity: ‘we have actual-
ly-witneffed it on a fmall fcale: yet I rather couceive that
they would difappear in fubfequent generations. But
3ow can we fuppofe the numerous and important varid.

tey

v
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¢.reforvoivs: df the fenminal finid:  Apparently*
¢ they are' excluded; but i thofe feminal fivids
¥ that have’ acquired a certain degree of perfec-
¢ tion, which happens only at the age of pu.
¢ B‘ert}r, it would be a moft curious experiment
€ to try whether mﬂxﬁon animalcula would live
¢ in fome feminal fluids : And in the fame man.
¢ ner, whether the vermiculi would live in infu.
¢ fions. Above all, the temperature of the place
* and the fluid would need to be regulated, th
¢ can fay that this experiment, which is certainly
‘: new, will not fucceed ? I communicate all my.
¢ideas to you, My maxim is t6 defpair of no-
# thing in natural hiftory. Why thould we fay a
"thing is impoffible, becaufe we have not feen it
“fucceed ? This maxim is founded on our pros
¢ found ignorance of the fecrets of nature, and on
¢ the deviations fhe in many cafes feems to make
¢ from her ordinary courfe. Every whereis an
¢ univerfal latitude feen, yet .I am ignorant of
¢ the limits, They can be difcovered by experi»
¢ ment alone: andhow much may expenmenta,
¢ of

ties which we behold drife frofn accidents that individuals
were fubje@ed to in the moft remote antiquity. Wh}
{hould it be more difficalt to admit variety in the races of
maen than of any other anirhated bemg mhxbxtm‘ thq
g!ébe =T\

o
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* of afl kinds he comhibed, mul@plied, xepeated,
* and perfiocted: " :

Xha difficulty of the gueflions propofed in-
ithis valualile extra® is too well defined by its-
ilaftriens duthor not to he evident to alf who pef-
{efs the finalieft partion of phitofophy. It will al-
ways afford me 2 good excwle for only attempt-
-ing to anfwer -the doubts by diftant eonjeCtures.
The queftions may be reduced to three. 1.
What is the origin of femimal vermiculi:? 2. How
do they propagate? 3. What purpofe do ther.
ferve?

As teo the firft, though Bonnet makes.no po-
fitive aflevtion, we perceive his inclination ta
think feninal wermiculi have an external -origin.
Such has been the apinien of many authors in
eftecem ; and fuch is -the opinien of thofe who
Tuppole that the worms in the body of man and
animals eriginate from witheut. Sir «Charles
Linnzus believes the abode of the feniz is in the
waters; there he has found them very {mall, and
gwen in fome fifhes, particularly in tench, which
deems to favour this opinion (1). But we fhould
be certain of the identity of the fpecies found in
water with that found in the human body, and
of this we bave not yet had fufficient proof. We
. Dy cannot

(1) See the Ttalian tranflation of La Contemplation,
part 10. ch. 26. Note, at the words, Molte centendia &

/
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cannot deny, at the fame timey that very accurate’
obfervations demonttrate, that fome worms, if
not of the human body, at leaft of the bodies of
particular animals, are produced by infe&ts of the'
great world. Such are thofe inhabiting the
retum of the horfe, the frontal finus of fheep,
goats, and the larynx of ftags, as the eminent -
and moft expert naturalifts, Vallifneri and Reau-
mur, -have difcovered.

" With refpeét to feminal vermiculi, my obferva-
tions will not allow me to afcribe them to an ex.
ternal origin; was it fo, I muift certainly have
once perceived it. More than fourteen years
have elapfed fince I have been occupied with in«
fufions, with ftudying the waters of marfhes,
ponds, and ditches, for thefe are generally full
of microfcopic  animalcula ; and, with abfolute
fincerity, I can affirm, that among the innumer-
able minute animals contemplated by me, never
was one feen refembling the feminal vermiculi of
- man.and quadrupeds(1).. Ida not deny that,
' ' admitting

(1) This had already heen remarked hy Leeuwenhoeck,
as app?ars from his 301 letter. ¢ Licet varias, etindole
; diverfiffimas aquas contemplatus {im, nec iftiufmodi ani-
¢ malcula, (‘id eft fpermatica), nec quidquam quod ani-
¢ malcula ifta fimilitudine aliqua, vel figura referret, in ullis
¢ unquam aquis obfervaverim.’ Other gbfervers agree with
Leeuwénhoeqk and mylelf as much as could be defired,
Among 146 genera which Muller has claffed, he bas feeq

, gy
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admitting' they pafs from water to- animated hey:
dies, they may poflibly undergo fome change ors
adteration, operated perhaps by the caufes the

come larger or fmaller according as the new ele-
ment agrees with their ature; as alfo happens
in plants carried to a foreign foil ; but I cannot.
think they will lofe their priftine figure. to af-
. - . fume

;.mly one, (which he calls Cercaria), tefeinb,ling the feminal
';cmiculi of the ram. But this fpecies, which is the only
one that has been obferved, and is very feldom found, (in
infufione animali raro), would be far from being able to
give exiftence to all the different {pecies of vermiculi.—A.,
’ Muller makes this remark on the Cercaria Gyrinus,
There are others of the fame genus that may rcfcmbiq_
feminal vermiculi ; and perhaps fome of the Trichodz.
But of the many hundred ﬁgures in his dnimalcula Infu-
Joria, a work that no annmalcuhﬂ can want, certainly
there are none that may be confounded with the vermicu.
li : Many, however, have tails unconneéted with the ma.
figns of the body.—T,



- il be fuch a5 to prevent thent bemg recognik..
- ad, for then the internal firoSure mulk ako be:
eltunged; amd this & as much as to fay, that af-
ter-theiz fixamer ovgans were wholly ar partially
ghanged; they fould pruduce new emes, which
would rathet be: 3. creation than a ehange.

- The ferginal veomiculi- ot anly differ from aai-
mssiculs in fhape, bt § have Jikewife thewn that
they are of a natuoe and confitution efentially
different. Such ave the differcnces nsmtioned
in the former chapter and. that precedizmy it, but
omitted here to avoid repetition.

- M. Bonnet fuggelts 2 moft ingenious experi-
maent, to try whethey feminal vemmiculi wilk
. five in ivfufians, aod infuffon amimalcula in fe-
minel fluids. I had already done this in part;
butf on tranfmitting the animalcula of putrid in-
to recent femen, and the vermiculi of recent fe-
men into that which was putrid, the whole ani-
malcula and vermiculi perithed. Yet, to fatisfy
~ the curiofity of my illuftrious friend, inftead of
corrupted femen, I ufed vegetable infufions, and -
took the precaution to make them of the fame
heat as femen in the body of the animal, and
that the femen where the animalcula were put
thauld have the temperature of the atmofphere ;
bowever their death could never be prevented,
There was a little difference ; the vermiculi

. perifhed

Y
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 peviftiodh w 5 ther ariizniloele bt mfu‘
it s)

legtewdtﬁ'demeref ahmat to wbhbm‘a.

miculi-moft beaconftmmed, or paflmg frond withs
omt: into the {emen: of asmale; feedts t meal.
fuffreiemt yeafoh why: thae ¢ammot be theit origisu.
Robr thve.fumilk animaki of. oyt world pevifh whent:
obliged o change thédk. fond, as we:fee in ¢aters
pillaws feedimg-an fpecific plans; wiven. the plams:
ane: chamged: they die: fo. theay,. if. we. give filk
womns any othes.tian mulberty feaves tirey vesy
foom fyffise  Bhat infeéts floubd die, it is hot:
necefliry the planes: thonjd. be dhanged, ovona
change of the: paits-tindt they navarally oscupy is:
foflicies; . Tiet . comider thofe whofe cartmiory
abode is.oit ther fagee oteds asud. How many: hu..
dred fpecies inhabit e: pesar? Serhe: fued and:
dwell en the ligmrous parts; fome inflmuite
thesifelves between the bark il the wook, amd
pever leave theme; fomne conced| themfelves by
folding feveral leaves- toguthee, and feed. on the
moft deficate partsj othets prefer the rodty, and;-
bry: peneteating, formti tonwues tets ;, fomie menicr:
the flowers, amd odhery the fruit, Levus<hange
this ordes; - Wt e tranfpore the infeQy of thig
wood itito. the bavk, and resiptogally ; thofe of
the leavas-to the raots; and fo eit with the fefty
icwill not be long before they die. I cannot
;ppgewe why the fame fhould not happen to
ii:ermatxg
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fpermatic vermiculi .on’ paffing from . withaut

to the femen, fince their aliment is completely .
changed. . It is not enough to fay, we have an

example in' the larve found in .the horfe, the

fheep, or the ftag,. which live in a place where

their exiftence did not begin ; for I may anfwer,

they have not pafled from a large to a little world.
after living in the former, but are developed in

the quadrupeds where they have .been depofited
by their parent flies, where they remain until
maturity,. and feed on the fubftance of the.ani-

mal. If, before acquiring this. maturity, their

fituation was fortuitonfly changed, it is moft like--
ly they wquld perith.  We:fhould fee. them perith,
or rather not expand, if the flies laid their eggs

elfewhere, = Whence it follows, that this. exam#-
ple.confirms. the general law,

. .If we cannot believe that vermiculi come from
vm.hout,_ what is their origin? . We fhall anfwer
what Vallifneri bas faid on the origin of the large
worms in the human body.—They are produced,
nourifhed, and multiplied in ps.and. other ani.
mals: :—they pafs from: generation to gemeration.
with .the. nutriment the mother ;affords .in the
wterus, or with the milk that is.jimbibed (1). This.
hypothefis feems to me much morg probable than
the other. AC¢OIdmg to M. De Buffon, the fg-
2o . . ..men

< .- e
. ‘(l)‘ngllifneri, T. 2, edition in foli_o.
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men of the female is full of vermiculi perfecly
like thofe of the male. ¥ do not doubt that it is
truly fo. The fame had been before obferved and
defcribed by Signor Bono, a celebrated phyfi-
cian and an exellent obferver of fpermatic vermi-
culi, incapable of altering any fa&, as he was
unprejudiced in favour of theory. What has
‘been remarked, by thefe two naturalifts, I have
fometimes, but rarely, feen in the blood. In my
Tong remarked on the phenomena of circulation,
I happened to obferve, in the mefenteric blood
“of a frog and three newts, I knWw riot how maity
of the feminal vermiculi peculiar to thefe amphibia.
There was no hazard of decepuon, becaufe there
“was no room for ertdr. One cannot think, thefe
vermiculi were ‘mixed with the blood, from the -
rupture of fome of the blood veffels of the tefti-
"clés or vafa deferentia, fince the frog and two of
’ the newts were females; and the blood veflels,
"'as well as the ‘generative organs of the male,
“were entire, as I affured myfelf by a careful ex-
amination. The vermiculi were adually con-
“fined in the veflels, and were moft vivacious.
" They appeared in the arteries, excepting a fingle
‘time that [ faw thém in a vein. The artery of a
' frog tadpole fhewed me fome again: fome were
“even feen in the blood, ftill warm, of a fucking
cdlf ; and feveral among the red globules in the
bIood of aram. 1 could not but recognife them,
L as
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as:they had 4l the chamQeriftics of therferinal
. wermioyli, peculiar to the two fpecies of animals.
“Thefe oblgrvations prevented my fuxprife, when
Jiying a drap of femen with a .drop iof blaod, .
Jo that the vermjcyli were forced from their
proper liquid -into the blood, they ftill lived
as'befare. The fame has taken place with faliva ;
#nd it is natural to fuppede it will happen with
other anigpal fluids.
From :thefe faéts I draw two conclufions;’
i, That it is not abfurd to fuppofe that the
smaother may ferve 35 .2 wehicle for the feminal
vermiculi to tranfimit them :to the young; f-
«ondly, That they live:in the fluids of the young,
paxticylarly the blaod, and are, in @ manger, ve.
tained there until puberty. } fay, iz manner,
Lrecaufe the xavenefs .of -feminal yermieyli in the
-bload dufficiently jproves it is not 2 fluid that .
agrées too well with them ; peyhaps, becanfe the
aliment found there is not very well adapted to
their nature ; and although the femen.is derived
_from the blood, they are.two very different. fluids.
To this:it may be oppofed, that the vermiculifound
jin.the.blood of the male are regbforbed by the
wveflels, and mixed ‘with -the mafs . of - the ;blood.
The.objection would be well founded if .applied
»only 1o adult males ; ‘but itis infufficient where
they are not {o, as tadpoles .and fucking calves.
The oggans of generation are nat nafolded in
- the
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whigh vermiculipropagate. In thenwmber.of ex-
 peviments, -dlmoft infinitg, thatil havespade, my
;ateention has always been direited so-this intereflt-
.ing pat. .Afterfeang apradigious mwltitede
of:infufion animalculamudtiply, bydivifian of

. sheds,

(1) Bonaet, Pref. ala Contemplation. ~ ~
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propagated in the fame manner, but there has beent
no indication of this. It is true, when they pafs
from the animal’s body, or when the vermiculi be-
gin to be in a morbid ftate, they are lefs fit for di-
widing than when in their natural ftate in the femi-
"»nal refervoirs when 'vigorous and full of life. I
do not deny that this is poffible ; but admitting
it was fo, it {gems morally impofiible that, among
fo many millions of vermiculi, which I have at
different times obferved : among -fo many fpe-
cies, there was not one in a fhate to divide, or
which did divide, as is feen with the animalcula
of infufions. Neither have I obferved that ver-
miculi propagate by buds or fhoots, like polypi.
Therefore, abiding by the: different modes of pro-
pagation hitherto known, it would appear a proper
-eonclufion, that feminal vermiculi multiply by
‘means of a feetus, or. of eggs ; but I muft admit,
that neitlter the one nor the other has been feen

by me. - : ‘ "
I come to the laft queftion. What is the ufe
-of the vermiculi? Leeuwenhoeck’s opinion is
well known : He thinks they are the immediate
-authors of generation ; fo that thofe of man will
‘be fo many homunculi ; thofe of the bull, fo ma-
-ny vituli; thofe of the horfe, fo many foals ; ‘and
thus of the reft. We cannot deny  the idea is
very ingenious : it is unfertunate that it is not
o e “ sealy
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real. I thould deviate from my plan, by attempt-
ing to refute it. Authors, celebrated and known
to natural philofophers, have done fo with fuc-
cefs. But I cannot refift faying a word on the
beautiful difcovery of Haller, which is completely
decifive. He proves, by faéts fo convincing that it
is impoffible to withhold our affent, that the feetus
belongs to the female; that entire, it pre-exifts
fecundation (1 ) It is evident, therefore, that the
vermiculi afforded by the male cannot be feetufes.
The facts eftablithing this difcovery are explained
in his excellent treatife on the chicken.

Though we refufe the vermiculi this noble pur-
pofe; we-do not fail to afcribe others to them. Some
phyﬁologlﬁs have fuppofed them the caufe of ve-
nereal pleafures ; others, that they preferve the
fluidity of the femen ; and fome; that they effeét
certain unknown purpofes. All have endeavour-
ed to divine their ufe—There exifts in us, and
in other animals, this wonderful multitude of
living beings, and many larger vermes, of which

Vou. Ik E ‘  the

- (1) The author difcovered that the tadpoles of frogs,
toads, and newts, pre-exifted fecundation ; that they exiited
in the #gg produced by the mother, before it was moiften-
ed by the femen of the maley, Difertations on Animals and
Vegetables. He alfo difcovered, that, in the egg of the

'tbtped(),' ‘a feetus exifts previous to fecundation, Lettora
Sopra Diverfe Produzione Marine. <=l -

' .
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‘the eminent Redi has given a hiftory in a work
on the fubject (1). Beginning with man, and
defcending to animals, not excepting the fmall-
eft, each in like manner has external infefs
which it feeds, as the fame naturalift proves in
another treatife (2): But why do- all thefe races
of animals inhabit the internal and external parts
of others? Why were they created? This, I
think, is beyond: the fphere of human knowledge ;
and it will. not difpleafe; if Here I fhould be filent..
And [ 'hope I fhall be pardoned for only gueffing
at the othrertwo ; their intricacy has prevented
'me from doing more. *

The intent of this tralt was to examine, with:
all poffible attention and accuracy, the properties.
and nature of the myfterious inhabitants of ani-
mal feminal fluids ; and I have taken the liberty
.to difcufs and refute the opinion of others, learned
in the fubjet, becaufe their celebrity and divifion
had created doubt. The intelligent, judicious, and
‘impartial reader is left to confider whether I have;,
fucceeded, and whether I have diffipated, at leaft
diminifhed, the obfcurity that veiled them from:

" the truth..

(1) Degli animali viventi negli animali viventi.-
(2) Efperienze intorno agli infetti.

OBSER-
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"OBSERVATIONS anp EXPERIMENTS
oR

ANIMALS AND VEGETABLES CPNFINED IN STAGNANT
[
AlR:

INTRODUCTION.

Ir ptivation of air is a powerful method of pres
yenting the produttion of animated beings, and
of deftroying life in thofe already in exiftence,,
the prefence of air itfelf, when its circulation is
impeded, is confidered equally noxious: A ge-
meral rule has been eftablithed, that all animals
and vegetables forced to refpire the air of clofe
-veflels perith irfecoverably. It is thought equally
certain, that feeds do not germinate, ande eggs
are not excluded in this fituation. . The great
Boerhaave, fpeaks thus of all. ¢ Ovula que-
¢ rumcumque infectorum in vitris accurate tlaufis
-¢¢ non producunt, licet tepore fota, foetus ; femina
‘% plantarum vite macerata, optima commiffa ter-
E 2 ora,
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“ rz, atque requifito excitata calore, non tamer
¢ crefcunt, neque dant vite ulla ﬁgna altuo--
“ foe (1).”

Such is the received opinion of all philofophers
and naturalifts, which for many years I confidently
adopted, and believed certain with refpeé to the
animal and vegetable kingdoms. But my expe-
riments on infufiony infpired- me. with. a jult
diftruft. I had difcovered that the animalcula of
infufions were produced, and lived, in veflels
hermetically fealed ;- and that the. feeds ufed
for the infufions germinated. Thefe faéts did
not correfpond with the general belief; and’
excited a lively ‘defire of inftituting a number of
experiments to inveftigate the limits and condi-
tions of the phyfical maxim, That air which is
confined and cannot be renewed is noxious te

. beings in life, whether animals or vegetables

‘With this defign, I refolved to repeat and to di-
verfify my experiments on infufion. animalcula

“and vegetable feeds growing in clofe veffels ; and

alfo’ to'make experiments on fome animals, whofe
great analogy to infufion animalcula would in-
duce us-to fuppofe that the noxious influence of -
ftagnant- air could not:fo eafily affet them as it
would affeft' animals ranking higher in the feale
of beings. - My experiments were therefore made
on the.eggs of many terreftrial and aquatic in-.
| felles

(1) Elem. Chem.
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f¢&s ; amd nature has afforded - thofe illuftrations
which former authors. have fought in. vain.
~ From effe&s I afcended to.caufes, and invef-
tigated why confined air could, in certain . fitua-
tions, be injurious to animated beings. Thus,
pafling from one refearch to another, the work
infenfibly increafed in my -hands, and became
much-more:confiderable than I expe&ted. Since
1.now prefume to publith.it, that the tedium of
the reader may be leflened, it is divided into three
fe@tions or chapters. The principal objeéts of the
two laft are refearches on the caufe of animals
dying in confined air; and the firft comprehends
a view of thofe beings that are fubje& to its. influ-
sence only in certain circumftances.

-CHAP. [.

~

“INFUSIONS, VEGETABLE SEEDS, ANIMALS EGGS, AND
. ANIMALS THEMSELVES, .SUBJECTED TO ,STAGNANT

AR

-

"I'Paovmnn'a certain number of veffels: In o

each I put an infufion of vegetable feeds, and
-then fealed them hermetically. They were made
- exprefsly for the purpofe, large, and each might
) : E3 contain
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eontain fourteen or fifteen pounds of water (1),
It was not neceflary to break the veflels for ex.
amining the infufions, but fufficient to caufe the
included liquid flow to a dry part of the veffel ;
and, after it had flowed back, to obferve the part
that had been wet, with a powerful magnifier.
‘The glafs was fo tranfparent, that animalcula, if
any were produced, could be feen {wimming
in the thin pellicle adhering to the interral fur.
face of the vafe,

My experiments were made towards the end-
of {pring ; and it was not long before animalcula
began to inhabit the veflels, and inhabit the
whole. ‘The periods of their increafe, diminue
tion, and deftruction, were the fame as in the
open air,

On repeating the fame experiment often with
different feeds, all afforded animalcula. One.
difference was to be remarked. The number
was never fo prodigjoufly great which I have ob-
ferved before. One mode by which thefe ani-
~mals propagate is, the natural divifion of the bo-
-dy ; and this divifion alfo fucceeds in confined air.
Applying the magnifier to the fide of the veflel, I
fometimes faw them dividing through the middle ;
fo that the parts were connefted by a fhort fila.
ment ; others appeared like two minute elongated

‘ fpheres,

{1) Twelve ounces in the pound.
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fpheres, touching in feveral points; others ex-
hibited a contraltion, or rudiments.of divifion
hardly begun, on the outfide of the body.

. The duration of life, and the multiplication
obferved .in infufion -animalcula, were likewife
feen in the anguillae of vinegar confined in clofe
veflels. From the beginning of April to the
end of November, they were vifible, and -conti-
nually became more numerous. It is true, as
winter advanced, the eels perifhed.; but the fame
happened to thofe of vinegar in the open air,
which was occafioned by the increafed cold. We
Anow that vinegar is without eels during winter.

. While I made thefe experiments, the water of
{everal ditches was full of worms, infets,.and the
tadpoles of frogs. On them were repeated the fame
experiments as had been made on the animalcula
of infufions and the. eels of vinegar. I began
with the Jarye of mufkitoes. Many were con-
fined in veflels with ditch water, that they might
find aliment among the quantity of heterogene-
ous matter which it was full of. The larvae
fuffered nothing from confinement : all changed
to nymphs, which in time produced the flies.

Tadpoles were alfo confined in veflels, along

with a fufficient quantity of water, and marth len-
til for food. For twenty-four days, their fize en-
creafed confiderably ; and they died lefs from
agnation of the air, it is probable, then be-
, Eaq . caufe
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caufe the lentil was completely confumed. The
tadpoles were young : I repeated the experiment
on grown tadpoles, whofe limbs had already be.
gun to appear; chufing this period to learn
whether they underwent their metamorphofis in
ftagnant air. Several did undergo it, and di-
vefted themfelves of the tadpole form to affume
that of the frog; but others perithed before at.
taining their new ftate.

Animals inhabiting the waters are not under the
fame neceflity of continually refpiring air, as
thofe. deftined by nature to live amidit the air
~.itfelf : therefore it was fit to make fome experi-
ments on the latter. And having made feveral on
tadpoles, that is, on a fpecies of animals chang-
ing their ftate, I was defirous to repeat them on
other animals of the fame nature. Caterpillars
immediately occurred y and my firft experiments
were on filk worms. Thofe that were taken
would in a few days have begun to fpin their
" web. Leaving them on a mulberry branch, the
ligneous extremity of which was immerfed in
water, that the verdure of the leaves might
be fome time preferved and ferve for food, I
fealed them hermetically in a veflel. Above a
third perithed ; but the reft, being eleven in
number, proceeded as ufual ; they worked the
accuftomed .web, fixed to the fide of the veffel,
and there fhut themfelves up.. Butterflies came

from
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from nine webs : from two, there came none,’
On examining the fterile webs, I found the cater~
pillar transformed to a chryfalis ; but the butter-
fly did not come out, as it died while in this
ftate. The webs of the eleven caterpillars in this .
clofe veflel were of good filk; and their only
difference from others was in not being fo hard
and elaftic 3s cocons generally are. Y

Other caterpillars, efpecially thofe of the elm
and oak, underwent changes fimilar to the filk.
worms in clofe veflels. Fhe fame method was
adopted of confining them in veflels where the
lower extremities of branches had been immer-
fed in water. B

The metamorphofes of the larvee of large
fleth flies were more diftinétly feen. I put a piece
of fleth-nearly putrid at the bottom of one of the
veflels : it ferved them for food nine days, that
is, all the time they were worms, and until they
became nymphs. We know, that when their
change approaches, they abandon the putrid fleth,
and, feeking a dry fituation, .moft commonly
conceal themfelves under an arid dufty earth.
Thofe confined likewife abandoned the fleth, tra«
verfed the veflel, and were in conftant motion
more than half a day. Their anxiety to efcape
was evident ; but, unable to effett it, they-retired
to the fides at the extremity of the neck of the
weflel, which was almoft parallel with the floor, and

became
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heeame perfe@ly tranquil. There they infenfbly
contratled ; their fhape and colour difappeared ;
they affumed a light chefnut fhade; and exhibited
every fign of being changed to nymphs. In this
flate, they remained fourteen days; then, the
thell burfting, flies completely refembling the pa-
zent fly efcaped. The winged infects lived feve-
r¢ days in thejr prifon, and dled appamntly for
want of food.

A few words may be faid coneerning the feeda
ufed for infufiens. They developed like the aniv
malcuda ; all germinated well ; and in a few days,

the budding and branching of the leaves filled the

capacity of my veflels. I fhould not omit" ob-
ferving, that the whole of thefe vegetations thew-
6d fymptoms of difeafe, whether from decaying
- before fryQification or from their yellowifh co-
Jour. Sufpe@ing that this difeafe was not fo
sauch the effe& of privation of circulating air as
of the beneficent influence of the fun, and the
moifture that the roots muft fupply, which
€ould not be obtained from the fmall quantity of
water, I endeavoured to afcertain the real caufe.
The fame quantity of feeds was put into veflels
hermetically fealed, and, inftead of water, I fub-
Atituted 2 portion of well mojftened earth. The
plants foon fprung up ; and, being expofed in the
fun beams fome hourg of the day, in a fhert
-time, reached the fummit of the veffel without be-
coming
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goming yellow tll after a confiderable interyal,
The feeds were peale, maizs, red wheat, and rye. |
planted two ftalks of rye under the neck of the vefs
fel, where there was a fufficient fpace for their .
levation: the neck being very long, they exhibit.
ed unequivogal marks of incipient fruification
by the ety fhooting out of the calyx; and it
would have made the greateft progrefs but for
the approach of winter.
. To complete what has been faid of feeds con-
fined in veflels, it may be remarked, that I have
 in this way obferved more than twenty fpecies at
different times without finding one that did not
germinate. A precaution effential to their produc-
sion muft be attended to : whenever they fpring
in water, which takes place in clofe as well as in
open veflels, the infufed feeds muft be partially
above the wiser, otherwife they perifh: which
was adverted to before me by the celebrated na-
turalift M. Duhamel.

If vegetable feeds germinate without exception
in confined air, what are we to think of animal fe-
mina, or the eggs of infets, which, according te
Boerhaave, and the general opinion of philofo-
phers, fhould remain. fterile, even when the ope-
ration of circumflances the moft favourable to
their predugtion concurs? Here 1 thought it
better to confult nature than to truft to the fen.
timents of others. I therefore.made experiments
pn many eggs: on thofe of beetles, flies, fleth

- flies,
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flies, nocturnal and’ diurnal butterflies, worms,
and others, and fcrupuloufly obferved what hap~
pened-te-each kind. Iforefee the reader’s anxie-

ty to learn the refult of thefe experiments; and

in two words his curiofity may be fatisfied, by

Jearning that the whole different fpecies were ex-

cluded equally in confined -as in open air. Boer-

haave, adopting the received masim -cencerning

the fterility of eggs in confined dir,thus exprefles

himfélf in his Precleétiones Academice (1).

* Ova bombycis in aere calido excluduntur, fiti-
* bere admiftatur. Eadem in phiala claufa nun-

* quam producunt fuum animal.” Now, the truth

is, thefe hatch very well in clofe veflels, as I

have been-convinced by every experiment I made.

From all that has been faid, -we muft conclude,

that the air of -clofe veffels is -not -an impediment

40 the prodution of plants of animals; but
plants, without any exception known to me, ger-
minate there, and animals grow and propagate

their fpecies. Thofe which undergo metamor-

phofes experience the- changes in clofe equally as

n open veflels.

Why do we generally belleve that ftagnant air
obftruts the produétion of animals and vege-
tables ? Analogy is furely the caufe of this re- -
markable error. It was obferved, that animals
and vegetables {ubje&ed to experiment foon

perifhed

(1) Tom. 2.
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perithed in clofe veflels ; that feedsand eggs-con-
fined were fterile ;. and a general conclufion wag
made, that ftagnant air was decidedly noxious
to both kinds of living beings:
_.In the beginning of this chapter, it is faid, the
veflels employed were very large; that each
“might contain fourteen or fifteen pounds of wa-
ter ; with them the refults enumerated were ob-
tained. But the confequences are very different
on ufing veflels fucceflively fmaller.: In propor-
tion as their capacity decreafes, the eggs or feeds
do not germinate, or they perith when fcarcely
evolved,. and animals of every fpecies in a fhort
- timedie. All the naturalifts,. who have had refults
different. from. mine, certainly. have. ufed. veflels
too fmall, otherwife the fame would have happen-
ed as to myfelf. However, I do not deny that
their error, refpeting animals, might arife from.
the nature of the animals on which their experi-
ments were made, that they muft perith what-
ever the capacity of the veflels. pay be, as, for
inftance, warm bloaded animals. But to under-
ftand this better, and enforce conviétion, let us
defcend to particulars.
~ Animalcula of infufions originate, exift, and
propagate in the large veflels ; which alfo fuc-
«ceeds in veflels one third of the fize, only we then
begin to perceive the difadvantages of ftagnant
airr,  When the capacity is fuch as to contaim
) e three
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three pounds and a half of water, the number i¢
Jefs ; they multiply lefs, and die fooner. On dis
minithing the veffels, the larger animalcula are
not feen, and neither large nor fmall, if the in-
ternal capacity does not exceed feven er e:ght
inches.

The nymphs of gnats feem to fupport this

fituation better than infufion animalcula. In five
inches of air, many changed to the winged ftate.
As the quantity leflens, they perith propomon«
ally fooner, and witheut changing.
* The eels of white vinegar are particularly re
markable, They live and multiply prodigioufly;
where the volame of air does not-exceed three
inches ; and die in feveral days only, when cons
fined in a tube where the vacuum is fefs than an
inch. I {peak of white vinegar, for the effe&s
are very different with red. ¥ my experiments,
the eels of the latter did not live five days in a
_ veflel where the vacuum was eleveninches. This
did not happendo much becaufe the vinegar un.
derwent an alteration, as that the eels of red vi-
negar rather are of a different nature from thofe
of white ; which I believe to be more probable,
from the difference of figure I remarked in each -
 fpecies. |

Tadpoles perithed in fome days in nine inches
of air ; and in a few hours, # the vacuum was
but threc mches. v

Caterpillars,
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Caterpillars, and the larve of fleth-flies, cof-
fined in eleven inches of air, dted before becom-
ing chryfalids. The larvée in particular, foon after
confinement, deferted the putrid flefh put in along
with them for food, and tumultuoufly traverfed
the veflel, difregarding the flefh. They became
motionlefs, and died after various periods, longer
or fhorter: if the veflel was larger, they lived
longer ; if fmaller, they died fooner. Thefe lar-
vz, when changed to nymphs, fuffered lefs from
the fmall quantity of air. In a veffel where the
larvae had died, I confined the fame number of
their nymphs. The flies of fome came out ; but
it muft be remarked, that the body and wings

- were diftorted : they feemed to have been pro-
duced, as one may fay, againft the will of nature.
This never happened to- the chryfalids of butter-
flies, though the vacuum was very fmall.

What has been hitherto faid will apply to
feeds and eggs. I omit telling the reader mry
trouble in finding the fucceflive capacities of the
veflels, where eggs and feeds ceafed to germi-
nate ; but adopting the general refult, when the
capacity of the veflels was but three or four
inches, neither eggs nor feeds have developed. -

Thus it is neceflary to conclude, that the pro-
dudtion of vegetables, and of fome animals, takes
place nearly as well in confined as in open air,
provided the quantity in the veffels is confider-

able ;
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.able ; on the contrary, when it is not, that it be-
comes fatal to both. The precife quantity which
may be noxious can only be determined by the
nature, conftitution, and quality of the animals
and vegetables confined.

By experiments in different feafons, I difcover-

. ¢d that the death of animals is not only acceler-
ated by diminifhing the fize of the veflels, asI
have fhewn, but alfo by the increafe of heat.
This is particulurly feen in animals which are
eafily procured at any time of the year, and live

“long without food ; fuch as, newts, leeches, land
and water ferpents, vipers, and fome fpecies of
filhes. I was as careful as poffible to take
the individuals, for my experiments, of an equal
fize and equally vigorous, fo that the comparifons
might be the more juft. While engaged with
very different matters, I difcovered this new fat
in the following manner. On the fifth of April,
along with other things, 1 prepared three jars;
the firft might contain fix pounds of water ; the
fecond, four ; and the third, two. Four newts
were confined in each. My experiments were
direGted to inveftigate whether the animals died
fooner as the volume of air diminithed ; and I
found it to be the cafe. The four newts in' the
fmalleft veffel perithed in forty-one hours ; in the
intermediate veflel, in two days; and in the
largeft, in feven days.
“ On
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. On the fame day, a fimilar experiment was
made with leeches. I confined four in each vef-
fel. They lived long in eomparifon to the newts.
In the fmalleft veflel, they died in three days ; in
the next, in nine ; and in the largeft, in thirty-
two days. ’

The experiment was repeated, 12 May, on
both kinds of animals. They died much fooner.
The newts, in the fmalleft veflel, perifhed in
twenty-feven hours ; in the next, in three days;
and in the largeft, in four days. The leeches, in
the fmalleft veflel, died il two days ; in the next,
in five; and in the largeft, in nine, The more
immediate death of the newts and leeches in May,
1 fufpected was occafioned by the increafed heat
of the feafon ; for, during the month of April,
in the greateft heat, the thermometer rofe to 57°,
while, in May, it ftood at 70° My fufpicions
were realifed by the death of the animals being
accelerated in June and July. The thermometer
ftanding at 81°, during the latter, four newts in
the laxgeft veflel died in twenty-three hours, and
the leeches in thirty-fives

What has been faid of leeches and newts will
apply to fnakes, vipers, and fithes ; hecaufe the -
refult of experiments made on them correfpond-
ed with the former. The death of the whole
was not only accelerated in proportion to the
fmall quantity of air they were forced to refpire,

Vou. IL : ¥ but
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but alfo in proportion to the increafe of heat.
Twice I obferved. the reverfe, which we mufk
confider as-arifing from .fome accidental circum-
ftance.-

I delayed until winter to make the experiment
inverfely.; that is, to learn whether the death of
animals was retarded in proportion to the increafe
of cold. The experiment fucceeded - with vipers
and newts, which were the animals.I then had-at
command. The newts lived twenty-two days in
the fmalleft veflel; in the middle-fized, thirty-
four ; and in.the largeft, two months.. Vipers.
furvived ftill longer.. The veflels were in a-fitua~
tion where the thermometer ftood at 489

Life was protra&ted in a.greater degree of cold-
When the veflels were. kept under  fnow, or;
which is the fame, at freezing, the animals did-
not perith in three months. On taking them
from the fnow, and expofing.them fome days to
the atmofphere, during fpring, both kinds died.

Suth are. the principal refults. which I have
been able to colle& from the experiments related
in this chapter ; refults moft ufeful in.themfelves,.
becaufe they elucidate the fubjeét : but they leave
us-to fuppofe the caufe, or.rather induce us tox
feek for it ;- which .the reader will endeavour to.
difcover,. if he_ is a philofopher.. Why is the
death of animals accelerated in fmall veflels, and’
retarded in large? Why is 1t accelerated.. more:

by,
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by heat than cold ? Whence arifes the difference
of time in the death of animals ? 'Why may one
quantity of air be noxious to one fpecies of ani-
mals and indifferent to another? The folution
of thefe problems depends on our knowledge of
the caufe of death in ftagnant air: This ancient
and moft famous queftion has always divided ce-
lebrated modern philefophers. It is important
to enter on the difcuffion of it; and I fhall ex-
amine what has been already written on the fub«
ject, and adopt that opinion which to me feems
moft confiftent with fa&ts; that is, with truth. -
Since the eggs of animals, and feeds of plants, in
a fmall quantity of air, remain fterile, I fhall not
fail to add a fhort fentence or two on the caufe
of their fterility.

€HAP. II.

" IWo PRINCIPAL OPINIONS ON THE CAUSE OF ANM
"MALS DYING IN STAGNANT AIR—WHETHER [T
LIES IN THE DIMINISHED ELASTICITY OF THE AIR.

To phenomena haye been remarked by thofe
who have killed animals in clofe veflels; £/,
That a quantity of vapour, exhaled from the ani-

E2 mal,
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mal, accumulates on the fides of the veffels-;- fe-
sondly, That the air has loft a certain degree of
its elafticity. Thefe phenomena have produced
different opinions. One afcribes -the death of
animals te thefe exhalations, which, being confin-
ed in the veflels, are refpired by the animals, and
+thus become fatal. Anether opinion maintains,.
that the exhalations cannot be mortal.; but the
elafticity of the air being diminifhed by them, or
a portion of the air being deftroyed by refpira-
tion, becomes fatak
The experiment of Piftorini of Bologna, - mfh—
tuted to appreciate the force of both opiniens, is
fpecious. Suppofing they are equally juft, he
argues, it fhould neceflarily enfue that two ani-
mals, confined in the fame veflel, die fooner than.
one alone, 'provided the veffel. is the fame, and:
the animals of the fame fize and fpecies. We
muft, therefore, recur to the exhalations from the
animal, or to-diminifhed. elafticity of the air occa--
fioned by the effluvia or the refpiration ; and as
it is always certaim, that doubling the hiumbeér
of animals, the exhalations and refpirations are .
doubled, the diminution of elafticity fhould con--
fequently be doubled. But Piftorini found it
etherwife. Two animals died as foon as one,
though he ufed the fame veflel, and animals of
the fame fize and fpecies (1).
I

(1) A&. Bon. tom. 2, part ..
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It was to be fuppofed, that the fingular confe-
_quences of the experiment induced others to re.
peat it ; among whom was the celebrated Profef-
Jor Veratd. His experiments were made on birds
and frogs. A pigeon lived three hours and three
quarters : two pigeons, confined tagether, lived
only half the time. Three fwallows died in little
more than half an hour; two fwallows in lefs
than an hour ; and one lived almoft two hours.
He obferved nearly the fame with fparrows and
quails ; three died fooner than two, and two foon-
er than one. But with frogs it was altogether
different: in eight days, four died as foon as
- #wo, and one alone lived no longer than three,
though the veflel was always the fame. So that
the experiments on birds were very different from
thofe of Piftorini ; and the experiments on frogs
agreed with his. And here is feen the ditferent
nature of animals in this mode of death. Thus
far Sig. Veratti (1).

Sig. Cigna, a profeflar equally celebrated, has
alfo engaged in an examination of thefe difcre-
pancies, whichhe thinks to have removed by the
accuracy of his experiments. [The refult is this:
Where the frogs confined are deprived of water,
as it would appear thofe of Veratti were, there it
is true that the plurality never or feldom accele-
rates death. When confined along with water,

F 3 ; which

{1) T. cie.
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which is their natural-aliment, it is almoft certain
-that the acceleration of death is in proportion to
their numbers (1). :

The experiments related in the preceding chapter
induced me likewife to engage in this inquiry. Ifit
was true that feveral animals of a given fpecies con-
fined in the fame veflel died as foon as where there
was only one, and if the phenomena was not acci-
dental but conftant, it muft be regulated, as I
faid before, in a manner proportioned to the °
fmaller quantity of air confined along with the
animals. But we may eafily fee, when the vef:
fels are equal, that the fmalleft quantity muft al-
ways be where there are moft animals. As frogs
had difturbed the order eftablifhed by this law,
according to Veratti, and as I could not repeat
the experiments of Piftorini, becaufe he has pot
fpecified the animals he employed, my experi-
ments were on frogs alfo : fome in veflels with
water, and fome in veflels without it, thus to ap-
- proach the method followed by thefe authors. In
three veflels, which would each contain five
pounds of water, I hermetically fealed up frogs,
that is, two in one, four in another, .and eight in
a third. In this laft, the eight frogs perifhed in
twenty-fix hours; in the fecond, the four frogs
died in'one day; and in, the other, the two per-
ithed in two days. '

A fimilar experiment was at the fame time
made with three veflels more, as large as the

C o firft,
(1) Mifcell. Taur. Tom. 2. ’
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firft, .and the frogs.diftributed in the fame man-

er: fo that there was no difference between
this and the, preceding . experiment, except that
.there was no.water in the veflels ; and here there
were four ounces in.each. In two days, none of
the frogs were alive in the veflel with eight ; in
.that with four, they lived three days and a half,
.and five days where two were. During thefe expe-
_riments, the thermometer ftood between 63° and

o

.70 _—

Both experiments were repeated, the circum-
ftances in every refpect the fame, except that the
heat of the weather was greater; and then the
.thermometer afcended.to 772. The frogs in the
firlt veflel died in twenty hours; in the .fecond,
* in nineteen ; and the two frogs in the third, in
.about two days. As to the fecond experiment
with veflels containing about. four ounces of wa-
_ ter ; the eight frogs died in thirty-two hours, the
four in two days; and the two in the thlrd V(.f[(.l
in_three days and a half. :

- The experiments were repeated fcveral times ;
but, to avoid the tedium of dry details, 1 fhall
not circumftantially. defcribe them, and will only
fpeak of the refults obtained from wveflels without
-water. Sometimes 1 obferved the irregularities
which have already been remarked. It fome-
_ times happened, that more frogs perithed in the -
g fame time, and fometimes later than a fmaller
F 4 numbecr.
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number, But when the frogs were in water,
‘they conftantly perithed fooner as their number
was greater : eight died firft, then four, and laft-
ly two. It happened only once that all the eight
- were alive, when one in the veflel with four was
“dead. ' '
From all thefe falts, added to thofe related by
8ig. Cigna, I was fatisfied that frogs corroborate
‘the general rule, that all animals, without excep-
tion, perith in confined air fooner according as
their number is increafed. However, we fee dif-
crepancies with frogs included in veffels without
water : .but I know not whether they fhould
really be confidered fuch, becaufe privation of
‘water is injurious to thefe animals, which Sig.
Cigna remarks. Frogs die in a thort time in open
veflels wanting water : therefore it is abfolutely
neceflary to profcribe this as a caufe difturbing
our experiments,

After finding the reafon why differences ap-
peared with frogs, perhaps it would not be diffi-
‘cult to find it in Piftorini’s animals, had he men-
tioned what they were, and the manner of con-
duéting his experiments. With refpe to Sig.
Veratti, we know that he generally ufed birds,
But he has found, that they, as I have myfelf
done, and fhall foon obferve, agree well with the
rule laid down. Thus there is room to fufpedt, -
that Piftorini’s experiment has met with fome ac-

- cident,
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cident, without knowing in what that accident
. confifted, which rendered his refults different
from thofe of others. It might be occafioned by
the birds themfelves ; perhaps that which he con-
fined alone was lefs vigorous than thofe he con-
fined together; whence all died in the fame time.
Perhaps in his experiment with the two birds,
all communication with the external air had not
been prevented, which might eafily happen if the
top of the veflel was covered only with leather,
ot any fubftance of a fimilar nature’; or if, on
inverting the mouth of the veffel, it had not been
‘well fixed to the plane of pofition with maftic,
glue, or the like. It is very poffible that fome
invifible hole might remain, or fome opening, by
which the air might get admifion. To obviate
all fufpicion of foreign air, it is neceffary to feal
the veflel hermetically, or immerfe the mouth
deep in water, as will be more clearly explained.
In the preceding chapter, we have feen how much
the heat of the weather accelerates the death of
the animals confined. May we not fufpe&t that
Piftorini made the experiment on a-fingle bird in
very warm weather, and on two in very cold :
and that the death of the two birds was by this
means retarded by the cold of the atmofphere, -
which would protract life as long as the fingle
bird furvived ? ' ‘
Tt
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Let us leave this irregularity : but before re-
fuming my principal objet, it will be proper to-
. glance at a doubt that occurred on fecing animals
die fooner in a clofe than an open fituation, when
the number was encreafed ; and this was, ,whe-
ther more immediate death arofe from diminution
of the valume of air only, or if the number
would -occafion it in another manner, and thus
become a new caufe. To afcertain which was
the cafe, I feleCted three equal veffels, and a cer-
tain number of the largeft frogs, as nearly of
the fame fize as poflible. Two I confined in
one veflel, along -with a pound of water, and one
put alone -into each of the other two veflels,
adding a quantity of water equal to the bulk of
. a frog: for difcovering which, I immerfed it in a
veflel, and obferved the quantity overflowing.
‘The quantities of air in the three veflels were e-
qualized by this method, though in one were
three frogs, and in each of the others only .one.
If the greater number of animals accelerated
death abfolutely from diminifhing the volume of
air, as the quantity' was equal in all the three
veflels, the four frogs fhould die in the fame
time nearly. If numbers influenced the accelera-
tion of death, the two in one veflel thould die
firt. 1 have faid nearly, for it would be very
semarkable if the animals died exaltly in the
fame time. ‘The two, frogs in the firft veffel liv-

ed
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ed two days ; that in the fecond died in three- days
and feventeen hours ; and that in the third, died
in three days and a half. This demonftrates the
influence of number in accelerating death, ;and
other experiments confirm it beyond contradic-
tion. I have repeated the fame experiment
five times, and obtained the fame refults,. The
two frogs in the firft veflel always died fooner
than thofe in the fecond and third, and the differ-
ence of time was very perceptible ; it has uni-
formly been a day, fometimes a day and a half,
and fometimes longer.

. Inftead of two frogs, I put three in the ﬁrﬂ:
veﬁ'el and only one in the reft ; but equalizing
the volume of air, by adding a quantity of water
equal to two frogs in bulk. The three frogs not
only died fooner than. thofe in the other two vef-
fels, but the difference was ftill more confpicu-
ous than before : it was two days and one hour
with the frogs in the fecond ; and two days and
feven hours with the frogs in the third veflel.
By increafing the number of frogs in the firft
veflel, their death was conftantly accelerated with
refpect to thofe in the fecond and third, though
precautions were taken to equalize the volume
of air by addition of water equal to the bulk of

the frogs in the firft veflel.
1 extended my experiments, and changed the
fubjets to feveral {mall quadrupeds and birds,
' B But
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But notwithftanding the equal quantity of air in
the veffels, I conftantly found that they died
fooner as théy were more numerous; and that
the acceleration of death was always in propor-
tion to the encreafe of number. Thus, it is evi-
dent, that the death of animals, in clofe veflels,
invariably happen fooner as the animals are more
humerous. '

By what phyfical agent, by what means are
they deftroyed ? Is it by their breath, or perhaps
by injuring the quality of the air which they re-
fpire ? Let us carefully examine thefe two hypo-
thefes, beginning with that which is founded on
an alteration of the ftate of the air. That it does
Yofe part of its elafticity is evident from barome-
ters put in the veffels where animals are confined.
Stair obferved that his fell an inch in one where
a rat died. The defcent varies. In Veratti’s
éxperiments, it fometimes fell eight lines, fome-
fimes nine, twelve, or more, according to the na.
ture of the animals. The experiments of Mayow,
Boyle, Hales, and others, agree in eftablith.
ing that a portion of the air is deftroyed by ani-
mals confined in a clofe veflel. 'We cannot con-
~ clude from them, that the death of animalsin
tlofe veflels is owing to the diminithed elafticity
. of the air; at Jeaft there are no experiments po-

fitively proving the fa&t. It is firft neceffary to
enquire, whether an alteration of the air always
N takes
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takes place, when animals die in clofe vefick.
Secondly, whether the degree of alteration is fufy
_ ficient to kill the animals ; for we know that
cvery degree of diminithed elafticity is not fatal
to them.
~ Here Sig. Cigna has laboured in a mapner
that merits commendation. ] fhall afterwards
employ fome of his ideas. I have made a courie
of experiments, with the fame view, which fhai}
be abbreviated after relating the method adopted.
Several air-pump ghafs receivers were inverped
in a veffel of water. They opened and fhut a~
bove by means of a metal ftop-cock. The re~
ceiver being left open when immerfed, a free pal-
fage was left for the internal air to efcape above,
in proportion as it. was comprefled by the rifing
water ; thus the remanent portion preferved the
natural degree of denfity as the external air;
which was abfolutely neceflary for the accuracy
of the experiment. This done, I clofed the vef-
fel, and, to make it more fecure, ‘pafled feverak
folds of leather round the ftop-cock, to cut off
all communicatien with the external air. 1 was -
certain that it could not infinuate jitfglf, for the
fame receivers were ufed as in my pneumatic ex-
periments. The animals being put in the re-
 eeivers, the diminifhed elafticity could be feen. by
she afcent of the water within. If the animals
were aguatic, or amphibious, I let.them remain
in
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in water. If terreftrial, they were put in a vefle}
which was fufpended by a hook at the top of the
receiver.

My firft experiments were on frogs. Seven
were confined in one receiver, and air left, equal
in bulk to 4 pound of water.' In half an hour,
the water began to rife above the level of that
without, evidently proving that the elafticity of
~ thie internal air was affeted. The afcent conti -
nued until all the frogs were dead or dying.
The water had rifen eleven lines. I repeated the
experiment with four frogs confined in' the receiv-"
er. When the whole were dead, the water had
afcended ten lines. The elevation was one line
higher in an experiment with two frogs. It was
nine lines with only one frog. '

I made fimilar experiments on newts, referving

the fame quantity of air in the reeeiver as for
frogs. The death of eight newts raifed the wa-
ter fcarcely am inch ; of four newts, nine lines ;
of two, fix lines ;-and of one, five lines. The e~
levation of the water, therefore, diminithed Wlth
diminithing. the number of newts.

By the death of eleven leeches, the water rofe
 five lines and a half, and by the death of three
only one line.

Several naturalifts have remarked how tuch
fmall animals injure the elafticity of the air. I
bad alfo obferved this in birds: Veratti’s re-

fearches
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fearches were chiefly directed to them : but no-
body that I know of has.made experiments on an
animal partaking both: of the nature of a bird
and a quadruped, although it is:net properly ei-
ther the one or. the other; I:mean the bat ; an
animal fo difgufting and forbidding in appear-
ance, but- at the fame time as perfe& as other ani-
mals, and the conneftion of quadrupeds. withs
birds. Their ambiguous nature made me defirs
ous of forcing them to refpire the fame airin
clofe veflels : but it firft occurred to try how
long they could fupport a vacuum.. Hew much:
fooner did. they die than the eold blooded ani-
mals? Five bats, fucceffively fubjeted to the
experiment, did not live three minutes. They:
were of ‘that fpecies called, by M. D’Aubenton,
the horfe-thoe bat, from the circular line on the
nofe.

Though they died fuddenly in vacuo, there:
was a limited proportion in confined air. Four,
clofed up in a veflel, lived fcarcely an hour ; two,
an hour and a half; one, lived almoft three
hours. The water of the veflel, in the firft cafe,
afcended am inch and feven lines; in the fe-
eond with two, an inch and three lines ; and in
that with one, eleven lines.

My experiments were extended to feveral rep-
tiles ; namely, vipers and fome land fnakes. Both
thefe fpecies having died in clofe veflels ; the water

rofe to a certain degree as the number was greater..
The:
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The greatedt elevation occafioned by the death of
three vipers, was an inch and three lines ; and
the leaft elevation, by the death of ome viper,
fix lines, The death of one fnake raifed the
water four lines ; and of five fnakes, an inch and
feven lines, '

The fame is the caf¢ with fmall lizards and
filhes. The elevation of the water is in propor-
tion to their numbers.

I have repeated all thefe experiments in every
feafon, and haye uniformly feen the water with.
in the receiver rife ; with this fingle difference,
that the elevation is. mare accelerated in warm
than in cold weather, as well as the death of the
animals fubjefted to experiment. I have alfo
conftantly obferved, that elevation is fo much
the lefs as the animals are {maller. Vipers,
fnakes, and bats, raifed it more than frogs, newts,
and lizards ; and lizards raifed it more than
leeches. This even takes place according to the
difference of fize in the fame fpecies. The death
of a barbel, weighing a pound, raifed the water
_above an inch: that of one weighing only two
ounces, did not raife it two lines. It feemed to
me, that, in confequence of this proportion, the
death of the fmalleft animals thould raife it very
little, or hardly at all : which would happen if
thmr death was not occafioned by the diminithed

clafhcxty



Wl. CONFINED IN STAGNANT AIR. Q9

-elafticity of the air; becaufe the water in the re-
.ceivers, remaining -at its original level, feemed to
-indicate that the elafficity underwent ne altera-
tion. To difcufs this fa& was moft important.

I began with the larve of large flefh flies.
* Thirty, extremely minute from being lately
hatched, were put into a very fmall receiver. I
left them on the fleth where they had been de-
pofited by the mother. They lived only feven
hours in the receiver, and the water rofe half a
line. The fame experiment was repeated.on fif-
teen more: I could {fcarcely perceive the water
elevated above the level ; and it undoubtedly was
not when eight larve were taken, though the
whole died.

The larve of common flies exhibited nearly
the fame phenomenon. The water rofe one
third of a line, when the number was great ;
when fmall, the rife was not fenfible. _

The death of feven earth worms did not raife -
the water. The darvee of nymphs and gnats had
only an inch of air: they died in a day; and
though fome hundreds in number, the water
flood at its original level in the receiver, after
they died. The death of five rat-tailed worms
did not fenfibly alter the level ; but the death of
a greater number occafioned a perceptible eleva-
tion. : C

Some ftagnant waters are full of a kind of mi-
nute animals, called water lice, or fleas, by natu-

Vor. 1L G . ralifts.
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ralifts. ‘They ate in conffant motion, daving
through the water in various diteftions (1), Se:
veral thoufands lived two days and foime houts in
a receiver, and died without any fenfible eleva-
tion of the water. Neither could 1 perceiye any
¢levation of water full of animalcula, which died
in two weeks.

My experiments on many infeéts which undergo
no metamorphofes, as fpiders, fhell and naked
fnails, millipedes, and on others that change their
form, as caterpillars, chryfalids, and nymphs, de-
monttrated, that the death of a great number
raifes the water a little, but not at all when they
are few. , :

The fafts we have obtained are now enough
to decide on the objed of our enquiry ; efpecially
if compared with thofe of Sig. Cigna and Ve-
ratti (2). Two principal refults arife: Firlt,

that

(1) The author evidently means various fpecies of

monoculi—T.
r

(2) In the fourth volume of the A&a Bononiz is a me-
moir concerning the effedt of confined air, (in which a
candle has burnt,) on animals, and fome other experiments
on confined air. This memoir has probably been over-
looked, though the Aéa are frequently quoted. The au-
thor does not afcribe the death of animals ¢ to the dimin-
¢ ifhed elaficity of the air, but to fome change which it
¢ updergoes from its natural ftate, by frequent infpiration
‘ tand -
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that there are many animals whofe.death in clofe
veflels does not leflen the elafticity of the air.
Secondly, when ‘it is diminithed, it is very little.
The firft refult isunfavourable to thofe who a-
Acribe the death of animals to the diminithed e-
lafticity of the air. It cannot be attributed to this:
for, if animals die, in many cafes, without the air
{enfibly lofing its elafticity, we muft conclude that
their death ‘has aneother .caufe. And I doubt
very much whether in any cafe -diminithed elaf-
ticity has occafioned death, becaufe it was fo
little. By Veratti’s experiments, it appears that
the barometer did not fall ‘much more than an
inch at the greateft alteration. According to mine,
the waterin the receiver fometimes rofe .a few
lines, fometimes near an inch, and at moft an
inch and feven lines; :that is, one fourteenth
of an inch, and feven. fourteenths of .a line of
mercury. But we know that in changes of ‘wea-
ther, there is a greater-difference in the weight of
the air. The mercury in the barometer fome-
times falls more than an inch, and falls very fait,
efpecially in ftarms, without affetting animals ;
G2 otherwife,

4 gad expiration, {o that the pabulum is«confumed by the
< animal, or the air is decompofed, and bzcomes unfit to
< fupport life.” Thus, this author is very near the true
theory of refpired air. Thome Lag'ii de Animalium in

&re interglyforum interitu—T.
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otherwife, neither cold nor warm blooded ani-
mals would live in fafety on mountains where
the mercury falls lower than in barometers placed
in clofe veffels (1). Animals can not only live
in air which has loft its elafticity to fuch a
degree that the barometer falls fome inches, as
on the tops of lofty mountains, but in air, if .
it is renewed, where the barometer falls to lefs
than half its natural height. Such is the inge-
nious experiment of Sig. Cigna. This acute ex-
perimentalift confined two fparrows in the re-
ceiver of an air-pump : one was left at liberty:
the other put into a glafs bottle, around the neck
of which a very large empty bladder was tied.
Then he began to exhauft the air until the mer-
cury, which ftood at twenty-feven inches and a
half in the barometer, fell to nineteen. As much
air was then returned to the receiver as deprefled
the mercury two inches within. In a fhert time
afterwards, he drew the fame quantity from the
receiver,

(1) However, it is certain that animals remoyed from:
plains to mountains fuffer confiderably, though they may
naturally live in fafety on the fummits of the higheft. M,
de Sauffure afcended to the top of Mont Blanc ; the ba-
_rometer fell to 165 inches. His refpiration was fo much
aﬁ'eé'ted and he was enfeebled to fuch a degree, that with
great difficulty he could buckle his thoe. Senebier, Memoire
j;r !a vie ¢t les ecrils de Horace Benedict de Sazj}zt;,-—?’
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teceiver; which he foon returned, and continued
this alternate exhauftion and return half an hour.
The fparrows were always kept in air rarified fo
much as to balance only eight inches and a
half of mercury, of 4t moft ten and a half,
But the fparrow at liberty enjoyed the benefit of
refpiring renewed air ; while that confined al-
ways refpired the fame, It expired foon after re- -
moval from the veflel, whereas the other came
from the receiver in perfect health (1).

Boyle tells us that animals perith in condenfed
ait rendered much mere elaftic than the atmofphe-
rical. I have often repeated the experiment, con-

~ denfing- the air fometimes twice, thrice, or even
more, than its natural ftate; and with him have ob-
“ferved that the air, thus rendered moft elaftic,
kills animals flower, but they perith i irrecover-
ably.

- Thus it is experimentally demonftrated, that
the diminithed elaflicity of the air is not, and
cannot be, the efficient caufe of animals dying in
clofe veflels:. We have next to enquire whether
their refpiration contributes towards their death ;
which is the hypothefis now to be difcuffed, and
will be the fubje&t of the following chapter:

(1) Mifcell. T, 3.

Gj . CLAP.
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CHAP. Iil.-

L

"WHETHER THE RESPIRATION OF ANIMALS [N STAG--
NANT AIR OCCASIONS THEIR DEATH.—WHY THE'
DEVELOPEMENT OF SEEDS AND EG&S 13; IN CGER--
TAIN SITUATIONS, PREVENTED BY CONFINED AiR.

THREE points are to-be examined in difeuffing
the firlt queftion ;; Whether the death of animals
“in -confined air is occafioned by their refpira-
tion? 1..If we aCtually find exhalations in clefe
veflels where-animals have died: 2. If the ex--
halations occafion their death : 3. Suppefing they
are noxious, how do they operate ?

‘With regard-to the firlt article, Sig. Cigna,.
.the learned illuftrator-of this theory, has proved:
the reality of the exhalations of refpiration, by
the feetid odour -we are fenfible of on opening
the veflels where animals have died, and a-fort of
vaporous pellicle eovering the internal furface. In:
my experiments, I have almoft uniformly obferved.
this pellicle over the internal furface of the vef--
fels where warm blooded animals, as birds,.
rats, or bats, have died, but never have re-
“marked. it with cold bleoded animals. Some-

thing
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thing indced was perceptible on opéning the vef-
fels; and tbe odoyr was Certamly foetid or ca-
daverous. I have been fenfible of it in all my ex-
periments, which are very numergus, even in
thofe made on the fmalleft animals: fo that the
exiftence of this vapour is nat to be doubted,
though it is not always vifible; either from the
{mallnefs of the quantity, or becaufe it is of
a dry nature which may prevent it from appear-
ing under the form of an aqueous yeil.

It is inconteftible that thefe exhalations are the
real caufe of the death of animals. Sig. Cigna
endeavours to prove it by recurring to the refem-
blance we remark between the phenomena ex-
hibited by fluids evaporating in confined air and
thofe feen in animals refpiring in clofe veflels,
‘The evaporation he has obferved continues long-
«r in proportion to the fize of the veflels, and
fills ;hgm fooner as the air is more rarified. Ani-
imals are alfo fubje to thefe two conditions ;
they live longer as the quantity of confined air
is greater, and perith fooner as the air becomes
Larer (1)

Collegting fome of the refults hitherto given,
#nd conne&ing them with thofe that 1 fhall after-
wards -eftablifh, it feems gafy to prove this fact.
We have feen that two circumitdnces accelerate

G 4 the

(1) Lib. / cit,
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the death of ‘animals : the increafed heat of the

atmofphere, and the number of animals confined!

The exhalations- are in thefe cafes more copi- -
ous: reaforr perfuades us of it; and it is' confirm«

ed by the more foetid odour on opening the vef-

fels. As we cannot afcribe the death of ank

mals to the diminithed elafticity of the-air, and

as no other caufes-appear, why may we: not re-

cur to the exhalations now' become more denfe

and active? Befides, as we fhall fee, animals die

fooner in clofe veffels where  there are fome al-

ready dead, becaufe the exhalations are more

abundant. By this means, we comprehend how
amimals' confined' alone; or in fmall’ numbers,

furvive much longer than where there are many,

and why they live longer in cold: weather, for in

either cafe the quantity of the vapour is-lefs. For,
the fame reafon, their lives will- be abridged in

proportion to the fmallnefs of the veffels ; as the
vapours become denfer from.the little fpace they

- Have to fpread.

With all thefe fa@ts; we cannot-affirm that di-
minifhed. elafticity of the air occafions death, and.
not the exhalations of “refpiration; or fome ma-
terial change which the air undergoes-; particu-
larly as, by continued infpiration- and-expiration,.
it will ceafe to be the fame for want of free cir-
culation, and will lofe the pabulum, which is a.
fubftance or quality known only by name, but

on:
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on ‘which every one makes the life of amimale -
depend, either by being decompofed or cor-
rapted, fo as to become unfit for refpiration.
But the flender fupport of thefe reafons is demon-
ftrated by-animals themfelves, for they die in
fituations where the communication of the inter-
nal and external air is uninterrupted.. When feven -
frogs had died in a receiver, I opened the ftop-
cock, and gave admiffion to the -external air to-
balance that within; in an hour, other two frogs
were confined, the ftop-cock remaining open,
but they died in lefs. than an hour and a half.
Further, the frogs in the receiver perithed fooner,
as the number of dead frogs was greater, al-
though the diameter of the opening above was at
leaft two lines, - Several birds, reptiles, and fmall -
quadrupeds had the fame fate when forced to re-
main among dead animals, though the receiver
was open above. As the communication of the

“internal with the external air was uninterrupted,
the imagined alteration or corruption.of. the air
cannot exift, and death is certainly oecafioned by
the exhalations. of refpiration, fince we have feen
that it happens when the top of the receiver ‘is-
open, as-part. of them can then efcape.

It may be remarked, in paﬁing, that the death
of animals in. an open receiver decifively proves
that the diminithed elafticity of the air does not

: kilk
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kill them. Timade a new experiment to plcers
tain pofitivdy whether they were deftrutives
Theopening of the receiver was enlarged, and
the -exthalations were -tranfmitted into a veflel ap-
flied to it. In the weflgl were confined two
Swallows, and it was completely fecured by a
* -mvoaden ftopper, well fitted. 1 prefersed fwallows
- as eight had previondly died in the raceiver. The
+influence .of the exhalations was fuch, that bath
Aied in 2 quaxter of an hour, though two confin-
-edin a fimilar veflel lived fully two hours. ,
The experiment was divexfified, by cnlleGing
warious gnantities of vapaur in the veflel. Animals
have always lived in proportion 10 the quantity.
Lang after the xapours are confined, they retain
their defiruSive propexty. Whatever. apisalshave -
afforded them makes little difference in their ip-
fluence: they are equally fatal to all .others.
Exhalations from birds kill .quadrupeds, snd
thofe from quadrupeds :are deftructive of hirds.
To terminate-thesinveftigation, I made the fol-
.lowing .experiment. Many animals having . ex-
:pired. in. a receiver.during very wawn weather, I
opened the:hole at:the upper-part, and prefented
a bird to the very fietid vapour which efcaped,
- *fo_that it-was forced to-infpire. the ephitic air}
this and -every.one :treated in the fame .manpsr
wperithed. .
- Although



Il CONEINED IN STAGNANT AIR. Y0¥

Although I conceive it-impoffible that any ani-
mal-can live in confined -air, if the veflels are
very fmall, it is certain that fome furvive much
Jonger-than others. Cald jbleoded ' animals ge-
merally exift longer than waym. In the fame air
where a newt ar-a frog will live a day, a fpar-
0w, a bat, or a rat, frequently do not five an
hour. There is even a fott of gradation .anteng
«old ‘bleaded -animals. A newt livés longer than
a frog, and a frqg fhorter than.a leech. This
:alfo fucceeds with infefs. In the opinion -of
fome, it is'not diffrondt to afcribe a reafon for the
diverfity of tlicfe phenemena. ‘Gold :blooded
-animals are-not enly mere tenadions of life, - but
-they -have incomparably:lefs neecffity to refpire
-than the warm klooded have. "How much long-
er will a-frog, a viper, ora:toad, furvive in vacuo
than a bird ? :Not being umder:the fame neceffity
. to refpire as the .others, <they will .abforb lefs:of
-the :exhalations .in :equal time. Why then.is it
wonderful<if .they:live longer? Doubtlefs fome
-analogaous reafon. occafions the difference.of time
that cold and warm blooded.animals-can. live in
~¢lofe veflels. Experiment: proves that frogs in
vacuo .die fooner than'newts; and I have found
the fame on :keeping both immexded in-water.
) ‘We may- reafon in .a :fimilar-manner on infeds,
mot to fpeak of their different conftitution,: thich ‘
smay produce dxfcupan.aes. .

It
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It remains to inquire how the exhalations. of
tefpiration are noxious to animals: and here in
particular has Sig. Cigna difplayed his abilities.
According to him, they induce death by irrita
tion of the bronchize and lungs, forcing them to
contra& and corrugate, and thus prevent the ad-
miffion of new air. Thus, in his opinion, ani-
mals in air infeGted by their breath die by fuf-
focation, - He endeavours to prove that this i
attually the caufe of death, from the various
fymptoms obferved in the refpiration of confined
animals. Refpiration becomes more frequent
and fainter when. the exhalations begin to colled,
becaufe an equal quantityof air infpired containing
more, it obliges the animal immediately to dif< -
charge it. As they continue to increafe, refpira
tion alfo continues frequent;, but becomes more
laboured ; and foon exhaufts the animal if con~
fined in air where other animals have died. Al
this proves, in Cigna’s opinion, that the exhala-
tions injure the animal, by contrating the organs
of refpiration by their irritating influence, and
thus obftru& admiffion of the air.

In my numerous experiments, I have feer the
fame fymptoms of injured refpiration. They
are manifeft in warm blooded animals; and efpe<
cially in birds. In celd blooded animals, they
do not fo evidently appear, but are very perceps
tible on changing animals from open to confined

. air
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air previoufly vitiated by exhajation. 8ig. Cig.
na had experienced this. He confined a frog in
a receiver where five or fix were already dead :
the frog inftantly became agitated, and :leaped
violently againft the fides of the receiver ; it was
immediately affe¢ted by a frequent and laboured
refpiration, which gradually became more pain-
ful; and foon ended in death. Therefore I fully
coincide with the Turin profeffor, that refpira-
tion is injured ; but I cannot admit that fuch-a
eontraltion of the organs enfues as to kill the
animals by fuffocation. Several frogs will live
a long time in a capacious veflel. Their vivacity
remains more than a day if the weather is not
warm : after this they become fluggith, and
fwell exceflively. If males, the two veficles on
the fides of the head increafe, and their inflation
is fo great as'to prevent the frogs from finking,
and keeps them always on the furface of the wa.
ter. Having remained fome time in. this ftate,
the frogs expire. ~On opening them, we difcover
that the fwelling proceeds from inflation of the
lungs, which cannot poffibly-be more diftended.
The fame inflation is found in thofe of toads and
fiogs dying in this manner ; and they, too, are
neceflitated to fwim. But the lungs are fo far
from being rigid and contratted, that they are
much dilated and confiderably-charged with-air.
For this reafon, then, and for others of ‘which I

- : -~ -+ fhall
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fhalh afterwarda fpeak, I cannot admit thet ani.
mals die-from; obfrufted refpiration. Several vix
pers and frogs were confined-in: very fmall veflels
where many animals weye already dead, and am;
equal number put at the fame time in vacuo. It
is incredible how much. fooner the former died 5.
fome did not furvive 2 minute ; but thofe in vacuo
were alive at the end of feveral hours. It was not
fuffocation, therefore, or any obftacle to the air
entering into the lungs, that occafioned death,
otherwile the animals would have lived much
longer, at leaft as long as thofe in vacua.
Frogs were alfo forced to remain under
water, and prevented from rifing to refpire at
the: furface. I have tied the origin of the
lungs in fuch a manner that the air could not en-
ter. Some I have deprived of the lungs, and
confined akmg with other frogs in a fmall quan-
" ity of dir very feetid from the exhalations of
refpiration. The laft expired in a few minutes,,
fometimes in one, even in lefs; while thofe pre-
vented from refpiring by immerfion in water,
having the lungs tied or cut out, have lived, as
thofe in vacuo, for feveral hours. I have found
the fame with toads and water ferpents. Since
the death of all thefe fpecies, by privation of ref-
piration, has been without comparifon later than
‘the death of the fame animals killed by the ex-

- halations of refpiration, we muft conclude that
. thefe
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thefe exhilations do net Ml by fufpending refs
piratiofi, but that they are.one of the poifons moftf
fit to defbroy life, alting as immediately as any
other poifon, annd even almoft inftantaneoufly de-
firu@tive when colfeted in a great quantity. Thiv
poifon penetratmg the body by means of refpira-
tion, when animals infpire the air, will eaufe thae
hboured breathing they fuffer ; for more thamn
probable, it makes: a violent and painful imprefy
fion on the organs of refpiration. At the fame
time, thefe are not the only vehicles for the poi»
fonous vapours. Earth worms, leeches, and
fome other infets, which are not only with-
out real lungs but alfo without ftigmata or tra.
chez, die in like manner with the reft in con.
fined air (1). It is neceffary to admit, that the
exhalations ac upon them, either by infinuating
themfelves through the pores of the fkin, by the
alimentary eanal, or perhaps by both. The de.

leterioug

' (1) Véuquelinc has made feveral experiments on the
duration of certain animals’ lives in confined air. A fe-
male locuft lived thirty-fix hours in eight inches of com-
mon air; and a fnail lived forty-eight hours in twelve
inches. He concludes, from various experiments, that ine
fe@s and worms refpire ‘nearly in the fame manner as
warm blooded animals, and are capable of refpiring vital
air only. He found that worms died when all the vital
air was confumed, Experiences lur la refpiration des Infedfes
et deg Vers. Annales de Chimie, Tom. v2-=T. ‘
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leterious quality of the exhalations is fo terrible
to all fpecies of animals, that its effe®s are ex-
tended to thofe that never felt the lively impref-
fions of the air, from their conftant abode at the
bottom of waters. The fnails and little fnakes of
ftagnant waters fhewed me this. They crawled
over the bottom of an open veffel of water, with-
out betraying any fign of uneafinefs : but, when
¢onfined in a very fmall veflel, they became reft-
lefs, :afcended the f{ides of the veflel, and, con-
trary to - their ufual habits, left the water, and
foon expired. Thus the influence of the exha-
Iations acts under waters, which is indubitable
from the feeter communicated to thofe in receiv-
ers, as well as to what furrounds them whenever
it is copious. , _
But how do thefe peftilential exhalations occa-
fion the death of animals, if they do not kill by
depriving them of refpiration? It is not by co-
agulating, diﬁ'olving, or decompofing the fluids.
The blood preferves its original fluidity immedi-
ately after the death of animals in this way, and
flows in the ferum ; and its globules retain their
fize and figure. Befides, if the exhalations co-
agulated the blood, or contributed to render it
more fluid, they could not occafion fudden death ;
for animals depﬁved of blood die where they

abound (1).
I have

(1) De Fepomeni della Circolaziong.
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* T'havé fufpeCted that this poifon may be fatal
"~ by de&roying the irritability of the mufcles, which
is poflible in two ways. The mufcular fibre
may either become too relaxed or too rigid. No
fymptom of the mufcles being flaccid appeared,
when the animals were taken from the confined
dir, but rather figns of rigidity. Such pheno-
mena I obferved 'in frogs: their hind legs and
thighs were extended ftraight out, as if they had
been dried.  On changing their pofition, or bend-
ing them, refiftance was felt ; and their natural
pofition was refumed when at liberty. The muf-
cular fubftance feemed harder to the touch and
under the knife. However 1 foon difcovered
that thefe changes in the fibre did not precede
death, but followed it. If I took frogs dying, or
juft dead, from the veffel, their llmbb were not
ftretched, and the mufcles preferved fufficient
pliability. On the contrary, extenfion and rigi-
dity only took place when they remained fome
time in the veflel. I have feen the fame mufcu-
lar hardnefs and extenfion in the mbs of dead
frogs continuing immerfed in water.  Alteration
in the mufcular fyftem by no means happens to
all animals.

The following faéts made me entirely renounce
the idea of loft irritability. The femoral mufcles
of a‘frog difplay great irritability when cut or
pricked ; they tremble and fuddenly ‘contrad,

Vor. 1L H . not
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not only where the point of the needle or edge
of the inftrument touches, but far beyond it ; and:
the vibration continues fome time, though the.
ftimulus which occafioned it is removed.:- Hav-
ing taken a frog.on the point of death from a.
clofe veflel,—I will not fay. the mufcles retained.
their irritability as-in. a ftate of health, or that.
- the approach of death did not weaken it,—but L
will affirm, that the vibration and contraion of.
the thighs, when cut and pricked, re-appeared,
- and.even continued after the animal was entirely
dead. :

I abandened: the idea of loft mufcular irritabi-
lity: and, after deep refleftion, it has appeared
to me that the nervous fyftem is the part on which.
the exhalations a&.  And here are the reafons.
which have fuggefted:that opinion ;. they are fub-.
mitted.to the judgment of. the philofophic reader..
Convulfions commonly. precede- and attend the
death of our -animals :- they are clearly manifeft..
in frogs. Semetimes the whole body is convulf~
ed,. but particularly, and more violently, the
limbs ; and in thefe convulfions. they die. As
they refift deathlonger in winter, the convulfions.
alfo continue longer. If taken from the veflel
before death, it appears.that the feat. of fenfation
has fuffered.. They are. fluggith and motionlefs ;
nor do they change their place when ftimulated,
though. agitation is evident ; the convulfions re-

- appear 3
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appear ;. their lethargy augments, even when put
in the.open air; and they generally die. In-
dependent of being fufficiently clear in itfelf,
I obtained the moft fatisfatory proof that
thefe convulfions proceed from injured nerves.
I wounded the mufcles of a frog that had not
been expofed to confined air, and thefe motions
which ftimulating ordinarily awakens were ex-
cited ; but- they were never convulfive mo-
tions. On the other hand, by touching the o-
rigin of the ¢rural nerves with the inftrument,
which was an extremely fine needle, thie limbs
fiddernly becdme convulfed, and then exaitly in |
the fame manner as in confined air. When I

pricked the {pinal marrow or the brain, convul-

fions were univerfal over the whole body. [ have

never been able to fee either general or partial

convulfions by wounding any part of the body

but the nerves: Thus; from the eonvulfive

fpafms in animals confined in clofe veffels, Iam

induced to fufpeé that the pernicious vapour ats

‘on the nervous fyftem. :

I had ftill one doubt to folve. I could not re-
concile the almoft immediate death of frogs, ex-
pofed to the powerful exhalations of . refpiratian,
with the prefervation: of life a.long time, though
deprived of the brain. In my work on circula-
tion, it has heen fhewn that fraogs will live feveral.-
days, though the brain is taken away. - But the
doubt difappeared on fecing their immediate

' H:2. death,
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death, when, inftead of wounding the brain, the
erigin of the {pinal marrow was wounded. If a
pin was introduced where it united with the brain,.
the frog in a moment died convulfed. Animals,.
as tenacious of life as frogs, die equally fuddenly,.
by injuring the fpinal marrow. Therefore it is
not very extraordinary, that death fo immediate
is occafioned. by quantities of the- peftilential ex-
halations infinuating: themfelves into animated
bodies, and not affeéting one part of the nerves-
or another, attack the wholk fyftem, and momen--
taneoudly deprive it of fenfation.

Bt what can we fay of the death of thofe ani--
mals in whiclr there is found no veftige of nerves,.
as the eels of vinegar and the hoft. of infufion.
animalcula # As thefe animals actually perith, the
analogy of fo many others dying from the fame:
caufe renders it plaufible that the exhalations de-
ftroy them by conta&. Confequently we muft-
admit, that, aing on'their organs, they produce
an effect fimilar to that which they operate on the
nervous fubftance of othier animals, notwithftand- -
ing-their organic ftru€ture may. be without nerves,
at leaft fo far, that we cannot difcover themby the-
microfcope. Therefore they cannot evite the fa-:
tal influence of the exhalations; nor do I'fee
how they fhould efcape, while unable to refift the
effes of the eleric vapour and odorous effluvia.
I befeech the reader to confidér this hypothefis

. dm
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.on the nervous fyftem only as a conjetture. ]
have not collected that affemblage of faéts necef-
{fary to giveit authenticity, nor have I had leifure
to enter into all the details, and make the moft
profound refearches. I with that others would
undertake it; and I fhall always entertain the
fame regard for thofe who attain their purpofe,
‘whether they confirm-or confute my conjetture ;
for 1 have no other view than the purfuit of truth.

In the firft chapter, we have fpoken of eggs
.and feeds which refufed to germinate when con-
fined in a fmall portion of air. It is poflible
shat this fterility arifes fram the caufes deftruc-
tive of animals .confined in clofe veffels. Com-
parifon will help to convince us. Butterflies, we
have feen, do not.come from chryfalids confined
in {mall veflels. M, De Reaumur, 1 find, has
had the fame refults, although :the obje& of his
experiments was different from mine. He her-
metically fealed glafs tubes, four or. five inches
ong, containing chryfalids, fome had come from
the cabbage caterpillar, and fome from cater-
pillars that praduce phalenz : they conftantly re-
mmained in their original ftate, though confined
above five months. They never unfolded:; for,
as he obferved, they [did nat] perfpire, and
;perfpiration is neceflary for chryfalids to become
butterflies. . Thefe two faéts he proved in a de-
«ifive manner. When the chryfalids are in a very
«onfined ftate, as a tube of a few inches in capa-

H 3 © city,
s
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" city, the moifture tranfpiring cannot diffipate, on
the contrary, it falls back on the chryfalids.
Thus, in feveral days, they appear moift, and the
humidity infinuating itfelf into their bodies ren-
ders them difeafed. Therefore, the death of
chryfalids enfues nearly from the fame caufe as
that of animals in ftagnant air. All this will pro-
perly apply to the eggs of infefts, and the feeds
of plants. We know that eggs are not hatched
until a certain degree of heat which promotes
perfpiration. Confined in a fmall veflel, they re-
‘abforb the exhalations that had before tranfpired
from them, and thefe corrupt. The humidity
covering the eggs, and fometimes the fides of the
veflel in confiderable abundance, proves it. The
fame happens to vegetable feeds. I have often
put them in clofe veflels, and, that they might
germinate, in a little water.” On taking them
-out, the part that had been expofed to the air
was vifibly covered with a humid pellicle.

For oppofite reafons, we fee why eggs and
feeds are developed in large clofe veflels ; they -
are always in fafety, for the vacuity is fo great
that the exhalations may difperfe. For the fame
reafon do butterflies come from chryfalids when
the veflels are capacious.

- OBSER.
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‘OBSERVATIONS anp EXPERIMENTS

“ON

SOME SINGULAR ANIMALS WHICH MAY BE KILLED
LAND REVIVED,

SECTION I

THE WHEEL ANIMAL.

I‘N the hiftory of infufion animalcula, -which I
‘have treated fo much at large, it has been faid,
~when once they perifhed fram a defet of water
-or humidity, they could never again be brought
to life, though moifture was fupplied, and their
immerfion continued long. Qf this, I have had
the moft .convincing .and repeated .evidence in the
-experiments now to.be narrated. But there.are
other animalcula which, notwithftanding they
inhabit infufions, are fo muoch diftinguifbed and
privileged by nature, as to enjoy the advantage of
geal refurreQtion after death. Such, amang

H 4 others,
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others, are the Wheel ‘Animal, the Slth, the
Anguille of tiles, and thofe of blighted corn.

A microfcopic animalcule, inhabiting the fand
of tiles and fewers, is called by naturalifts the
‘wheel animal. The abdomen is large, and fitu-
ated towards the middle of the body: in the
opinion of fome, there is an heart. The pofte-
rior part of the animal is provided with a minute
tricient, and the anterior divides into two trunks,
bearing two moft fingular wheels at the fummits.
From thefe it has been named the wheel animal.
One magnified is i’eprefented Plate 3. fig. 1. If
~ the fand we fpeak of is put in water, and remains
a certain time infufed, the animalcule exhibits all
its organs. If the water fails, the a&tion of the
wheels and heart ceafes ; the animal gradually
lofes motion, and becomes lifelefs : it contradls,
_grows very minute, and afflumes the refemblance
of a dry emaciated fkin, fig. 2. B. It is fuffi-
‘cient to moiften the fand for its revival : then
- the body foon extends, the wheels and the tri-
dent appear, the heart is re-animated, motion is
.regenerated in the whole animal ; it begins to
fwim, and exercifes’ all the funétions of life.
"That it has remained long dry in the fand is of no
importance. Leeuwenhoeck, who firft had the
good fortune to difcover it, and from whofe
- works I draw the chief part of what I relate, has
fcen wheel animals re-animated after being kept

o
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n dry fand almoft two ‘continued years. With
this naturalift, we muft obferve, that the trunks.
and wheels are not always completely difplayed
when the animal revives, but are fometimes ex-
hibited as in fig. 2. A. Such are nearly the three
figures which Baker, after Leeuwenhoeck, has
given in his Treatife, The Microfcope made eafy,
where he contents himfelf with repeating what
that excellent microfcopift had written.

Though feveral naturalifts have treated of the
wheel animal, they feem to me to have done it
but fuperficially, and chiefly ta have proceeded on
the accounts of Leeuwenhoeck. Thus I thought
my trouble would not be mifapplied in inveftigat.
ing this intereflting fubjed, and illuftrating it
with additional fa&ts ; and I was particularly in«
duced to it by the relation between it and the
chief objedts of thofe trafls. I have, therefore,
compofed a brief and methodical hiftory of thig
wonderful infe@ from the materials which gbfer-
yation and experiment have afforded me ; and'it
precedes the hiftory of other animals enjoying
the fame privilege. 'When on the point of pub-
lithing the fruit of my labours, another of Baker's
works written in Englith fell into my hands,
where much-is faid of the wheel animal (1). I
rapidly perufed it; and at once perceiving that

' - the

(;) Employment for the microfcope, London 1764.
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the author propofed to treat the matter ex preo-
Jfeffo, intended to fupprefs in this work all that
concerns the wheel animal, becaufe it would have
been ufelefs to treat of a fubje& already difcufled
by that learned obferver. I {hould certainly have
done fo had I not obferved that Baker’s obferva-
tions were materially different from mine, becaufe
his wheel animals were of another fpecies. I
therefore determined to publith my treatife, which
was improved by it ; its imperfeCtions leffened ;
and new important matter added. This will ap-
pear from many parts of my obfervations and
experiments which I proceed to relate, beginning
~with a fa& which may be patent to every one. I
examined the fand from a fewer about three hours
after it had been put into water. It was not dif-
ficult to difcover the obje&ts of my fearch. The
firtt drop, a mixture of fand and turbid matter,
when prefented to the mjcrofcope, exhibited three
living beings, which I immediately recognized ag
. three of Leeuwenhoeck’s wheel animals. On
the anterior part of the body was a horn ; the
body fwelled towards the middle ; and the pofte-
yior part was terminated by three points ; but the
anterior had.neither trunks nor wheels, and the
animals were nearly as in fig. 2. A. The body
js tranfverfely annulated, and longitudinally radia.
ted with fome parallel prominent rays, fig. 3.
The indiftin&tnefs of the rings and lines renders
them
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them difficult to be found ; and one muft be ac-
cuftomed to obfervation, and have an acute eye,
before he is able to fee them. A {mall longitudi.
nal fafcia, covered with fpecks, is obfcurely feen
in the middle: and above it a circle, more vifi-
ble, formed as it were by two C’s touching at
the extremities. The origin of a little canal is
feen at the upper part of the circle, A. B. fig. 3.
The animal being very flexile, it affumes fome
extraordinary-thapes in its progrefion. Some-
times extending, it becomes very flender, then it
contralls into extreme corpulency. Sometimes
the anterior part is contratted and concealed in
the body, or the fame happens to the pofterior
part. Some of the body will be inflated, while
the reft is flaccid, or it will exhibit other motions
as eafy and fingular to behold as they are difficult
- to defcribe with precifion ; and all thefe.remark-
able figures fﬁcceﬂivel)" follow, though the ani»
mal remains ftationary.

The - wheel animal ufes the following method
to tranfport itfelf from one place to another. It
fixes the extremity of the tail to.the plane which
it intends to traverfe : then it extends. the whole
anterior part of the body. While in this ftate,
the animal detaches the tail, and, by contrating
the pofterior part toward the anterior, it advan.

_ces. The extremity of the tail is again fixed to
the plane : the body is extended as before, the

tail
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tail is'detached 3 "and, by contracting the anterior
part, a new ftep is made. The operation is re.
peated, and the animalcule pafles fo adtively
along as foon te traverfe the field of the micro.
fcope. B

This method of progreffion, by means of con-
tralting and extending the body, -is common to
‘many infects, but efpecially to apodal vermes, as
is well known.. A circumftance peculiar to the
wheel animal, is fixing itfelf by the paint of the
“tail, which is eflfential to its regnlar progzefs, that
without this precaution, it would have no motion
except contortion. or updulation. When the
animal has found fome points of fupport, and is
fixed by the tail, as to a centre, it frequently ftops
for fome time, and ftretches out the fore-part, as
if examining around which way fheuld be taken ;
then, fuddenly detaching itfelf,. it advances in a
given direCtion. . In. Leeuwenhoeck®s opinion; the
wheeler fixes itfelf by the three points terminas-
ing the tail. At firft, I likewife thought them all
neceffary ; however, with more attention, I .pet-
ceived that the middle paint only was ufed. To
fee it diftin&tly, the drop muft, be thin and tranf-
parent, .and free of fand ; then we eafily perceive,
that fo far from the lateral points fixing to the
place of pofition, they do not even touch it, but
are at a confiderable diftance, and the middle
point is the orly fixing one. When viewed with

q



. AND; REVIVED:- -5 F2g

a powerful magnifier,. this-pyint feems compofed
of a number of infinitely fing fimilar points,
which are almoft imperceptible, fig..3. D, there-
fore, correftly fpeakang, it is; thefe points that fix
the animal. .

The three wheel ammals, whxch I then obferved
for the firft time, were not {wimming, they crawl~
ed at the bottom of the drop. It was foon evi-
dent that this was their prattice when the wheels
were not in atioa ;" of which any one may be fa.
tisfied by putting a quantity of fand mixed with
wheel animals into a watch-glafs balf full of wa-

: he will immediately fee, that thofe on the
furface of the fand crawl over .it, ‘and do not
commit themfelves to the water, . ‘The fame is
the cafe with thofe buried in the fand, when by
thaking they are brought to the furface.

The animals moved adtively through the drop,
fearching as for food among the fand with the an-
.terior parts, but they never went,beyond"the cone~
fines of the fluid ; onapproaching the circumfe
rence, they inftantly returned.—Motion becamg
languid as the drop began to evaporate, and the
languor increafed fo much as to deprive them
of the power of changing their place ;- though ¥
all dried up, ihey continued to turn _about ang
ftretch themfelves ; fuch motions were moft canp-
fpicuous in the head and tail, which, procegded
from and re-entered the body, and werg entirgly

concealed
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concealed when the drop had evaporated. The
appearance of the three wheel animals them
changed, not only in the lofs of motion and all
femblance of life, but, from a great diminution of
- fize, they became three minute corpufcula, fo
diftorted that it was impoffible to recognife them
for what they had originally been, fig. 4. A/
B. C. ' -
They were about an hour in this ftate of ap-
parent death. I then put a drop of the fame wa-
ter on them that had -evaporated. The reader
may well conceive my attention in obferving the
refurreGtion, which was fuccefsful as I had an-
ticipated. In a few minutes, the animals began
to fwell, and a point appeared in one part, D;
fig. 4. The pointed part moved by reeiprocal
extenfion and contralion § and the oppofite part;
having alfo become pointed, began to move.
Thefe points were the animal’s head and tail;
proceeding from the place where they had been
retratted and concealed, on evaporation of the
drop. The tranfverfe annuli, the longitudinal
rays, the internal and external organs; all re-ap-
. peared. The three wheel animals foon refumed
their original fize and figure ; they traverfed the
fand, and fhewed themfelves to be alive and moft

vivacious. : ,
Difcovering fome more wheel animals in the
fand of fewers, I repeated thefe experiments, and
y found
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found that they always revived, independent of
the time they had remained dry. There is now
before me a remarkable inftance.~—~Some fand is
in my pofleflion om which I made experiments
near four years ago, and it has been kept dry in a
fmall glafs bottle : when moiftened, the wheel
animals in it inflantly revive. This agrees with
what has been quoted from Leeuwenhoeck.
Baker obferved a fa& little lefs worthy of notice.
He wet the infide of a glafs, where wheel animals
had been kept dry for fome months,; and he faw
them recover their original vivacity. It is of no
confequence though they have revived oftener
than once : the fame fand has been dried eleven
times, and wet as often. 1 have uniformly
feen them die as the water dried, and revive when
the fand was moiftened. :

However, thefe falts muft be undertosd un.
der fome limitation. Though the animals do
revive repeatedly, and even after remaining long
dry, it is certain that the number revived always
decreafes in proportion to the time the fand con:
tinues longer dry, and the times it has been wet.
for their refurreftion. It is true, I have feen
their eleventh refurreCtion. The firft time, they:
were very numerous, but the numbers continually.
decreafed, and at laft became very fmall. It
fhould be added, that, ftill wetting and drying
the fand, none revived the fixteenth time. It is

~ " the
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the fame with refpeét to the fand remaining dry:
1 took a portion from roofs, at the time numer.
oufly inhabited - by the animals ; and 1 have pre.
ferved it dry in a box for three years, only moif-
tening it every five or fix months for my obfer
vations, but the refurreftions are always fewer ;
and now, at the end of the third year, it is no
exaggeration to fay, one third do not revive. I
have not extended the experiment further. How-
ever, it is undoubted, if the wheel animals grow
rare in the fame proportion as they continue long-
er dry, a period will finally come when none will
revive. -
The time neceflfary to accomplifh refurreétion
is unlimited. Some begin' to live four minutes
after moiftening the fand ; life then extends to
‘more; and in half an hour, all are reanimat.
ed (1). Iam ignorant what can occafion this
difference in the time neceffary for refurretion.
It may either be, becaufe fome are in parts of the
fand better moiftened than others,—or, although,
the whole fhould be moiftened at the fame time,
it may happen that all the wheel animals are not
of the fame texture. In that cafe, the more denfe
or

(1) Baker’s wheel animals began to exhibit life only in
half an hour. It would appear, that he fpeaks of thofe
* that were longeft of reviving. This might arife from his
experiments being made on a fpecics different from mine.
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cor confiftent will more flowly receive the impref-
fion -of the water, and be longer of reviving; or
fome may be difeafed, and lefs fit -for immediate
refurre@ion. I'have not perceived any very fen-
fible difference of time between ‘the refurre@ion’
of thefe that have been dry fome hours, and the
refurre&tion of thofe that have been dry feveral
days, months, or even complete years. .
"As I knew the influence of heat in re&ormg
the life of ‘animals and vegetables, the fand was
frequently moiftened with -warm water: and the
animals revived fooner than when it was wet with
water at the temperature of the atmofphere.
 But there is one condition indifpenfible to the
refurreGion of wheel animals: it is abfolutely ne-
ceffary that there fhould be a certain quantity of
fand ; withoutit they will not revive. Let us’
enquire further into this. One day I had two
wheel animals traverfing a drop of water about
to evaperate, which rcontained -very little fand.
Three quarters of an hour after evaporation, they
were dryand motienlefs. 1.meiftened them with
water to revive them: but it was in vain, not-
withftanding they were immerfed in water many
" hours. Their members fwelled to thrice ‘the
original fize: but they continued motionlefs.

This eircumftance appeared to me the more ex- -

traordinary, as it was among the firft times 1-had
wet the fand, and of all the animals’T had ex-
Pemnented on, thefe two were the only oncs that

¥ouplL o1 : dnl
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did not revive, To afcertain whether the fa&
‘was merely accidental, ] fpread a portion of the
fand on a glafs flider, and waited until the nu-
merous reanimated wheelers became dry in or-
der to wet the fand anew, The fand was care-
lefsly fcattered on the glafé fo as ta be a thin
covering on fome parts and on others in very
{mall quantity; here the animals did not revive,
but all that were in thofe parts with abundance
of fand, revived. A difference fo remarkable
made me fufpeét that, the ordinary dwelling of
thefe animals being in fand, a certain portion
muit be prefent ta enable them to pafs from death
to life.

However, to acknowledge the truth, though 1
did not at firft adopt this conjeéture, I could not
diveft my mind of it, as it feemed to be confirmed
by faéls; befides, on recolle&ting the experiments
before made on wheel animals, they had certain.

*ly always been in fand. To corroborate or con-
fute the fat, it was only neceflary to repeat the
laft experiment ; for, if thofe that revived had
‘been mixed with fand at the moment of refur.
reftion, or, on the contrary, if thofe without
fand did not revive, it would be complete de-
monftration of what had been the caufe,‘namely,
that the prefence of fand was effential to their
vefurre@tion. On repeating the experiment, it
conftantly followed that the animalcula never re-
covered life unlefs in places where there was a

quantity
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quantity of fand. "One of my friends, an emi-
ttent philofopher and: an excellent microfcopical
obferver, has-uniformly obtained the fame refult in
‘his experiments (1). The Abbé Roffredi, a good
- obferver, when incidentally fpeaking of the wheel
animal in the ournal de Phyfique, by the Abbé
Rozier, mentions the like phenomenon.
To thefe, the following fafts may be added.
if the fand -containing wheel animals is fpread
-«out in fuch a. manner that a cenfiderable quan-
tity is in fome places, much lefs in others, and
very little in the reft, and the whole then moiften-
ed ; in the firfk cafe, where it is plentiful, the re-
viving antmals ‘will be numerous; where it is
amore rare, fewer will recover: And, in the laft
«cafe, very few, or fometimes none. If a dried
portion of fand, which was thick before, is fcat-
tered very thin and moiftened, few wheelers will
appear, though formerly numerous. Their refur:
reion in a fmall quantity is uniformly later than
where fand abounds ; here it will be complete in
four minutes: when there is little fand, refur:
re&ion will require nine or eleven minutes, and
fometimes more. :
- Have the animals not reviving from a defe
of fand, and refembling globules floating in the
avater ; have they loft the refurgent faculty, or
do the;y_refume it on being fupplied with their
- la : native

{1) 11 Padre D. Carlo Giufeppe Campi di Milans,
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native fand ? I haye often taken the thin furfae
ces of fand, wherein the wheel animals did not
revive, and put them in thebottom of a watch-
glafs with water; but of twenty dead, fcarcely
one revived. It therefore feemed that privation
~ of fand deprived them of the innate faculty of re-
furre&tion (1).

"How ¢an the fimple defe& of fand produce fo
. important an effet ?} What connetion, what phy-
fical relation is there between fand and the refur-
reltion of wheel animals? May not the caufe of-
this phenomenon be entirely different, and the
fand only fupply the place of fome very fimple
external condition? When the animals perith
where there is no fand, their bodies are expofed
to the immediate influence of the air on evapora-
tion of the water : but they are fecured from it,
at leaft in a2 much greater degree, if they die
covered with fand. May we therefore affirm, that
the Jacerating influence of the air, irritating and
injuring the corpufcula while ftill humid, moft
tender and delicate, renders them incapable of re, -
viving from the alteration undergone ? My con-
jeGure is founded on a fa& evincing there arg
; animals .

(1) I have feen the common water fnail revive after
deficcation a confiderable time. When fome did n,otA re-
cover, I made feveral experiments with different kinds ,o'f
fand, but all have yet been ineffetual.—T.



R/ - AND REVIVED. 133

animal whofe ftru@ure is fo fine and delicate,
that, unable to bear the immediate impreffions of
the air, they always live under covers Such are -
the Miners, a fpecies of infets fo named from
" inhabiting the interior of the leaves of trees,
where they live almoft always concealed and pro-
‘te€ted from the influence of the air. The conjec-
ture would perhaps require an experiment which
Thad not an opportunity to make;. We fhall im-
mediately fee, that wheel animals revive in vacuo.
One might put fome of thofe furviving with-
out fand into an exhaufted receiver for the water
‘to evaporate, and obferve if they revived on being:
‘wet, which, according to my fuppofition, they
thould, becaufe in that fituation they could fuffer
nothing from the agitation of the air when. the
water evaporated (1)
. We come to another inquiry more 1mportant
than the preceding: I have hitherto fuppofed,
that the wheel animals perifbed when the fluid
dried. It is true they exhibit every appearance
of death ; the body is dry and disfigured ; the
. ¥ o ufe

(1) Not only has the air a fenfible effe@ on the fender
bodies of animals, and they endeavour to efcape from it,
but there are feveral, even thofe deftitute of vifion, which
cannot bear the influence of light, a fubftance infinitely
mote rare, and retreat from it as from a malignant agent.

~T. AR .
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ufe and ‘motion of the members are loft. But
this muft be inveftigated more profoundly,. fince
it prefents the moft paradoxical truth. to-be found
in the hiftory of any animal; and we cannot:be
too diffident and fufpicious of fuch faQs. Let
aus, therefore, inquire, if it is:not poffible that the
animals, to all appearance dead, may pre-
férve fome fpark of life. Amnd liere let us recur
to the analogies between large and. {mall: animals.
Cold, fo injurious to infets; renders thofe le-
thargic. during. winter which it does not de-
ftroy : their torpor is fuch, “that they feem dead.
to the fight and the touch : their limbs are {tiff”
and contralted ; their wings deprefled, and their-
‘Bodies emaciated. This we daily fee in hundreds.
of infects which. we cafually find on.the coldeft
days of winter, in the earth, the clefts of trees,.
or the holes of walls. In this manner. does. cold.
operate on animals poflefling the higheft rank in.
the animal fcale. In the midft of winter, we have
found marmots fo- lethargic, that the flame of a.
candle burning their limbs could not awaken
them, or recall the fenfations of  life (1). Ter:
reftrial and amphibious animals kept long in wa-
ter exhibit the fame. appearances. Redi having
- immerfed flies- in water an hour and a half, found
them with all the appearance of death.. Reau-
mur

(1) Buffen Hiftoire Naturelle.
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‘mur made the fame experiment on bees. Their
-vindi&ive difpofition, when rudely handled, is
.well known. He left a whole fwarm, I know
ot how long, in water, and found them fo com-
pletely deprived of fenfation, that he handled
‘them at pleafure: he took them from the water, .
put them on a table, and examined whether or
not there were feveral ‘queens. The fame may
be faid of the apparent death of frogs and newts ;
after fome hours immerfion in water, their bo-
dies become flaccid and drooping, juft as hap-
pens in death. '

May not the apparent death of infe&s and
other animals be fimilar to that of wheel ani-
.mnals among fand ? But they preferve a real prin-
ciple of fenfation and life, which the concurrence
of certain circumftances is required to unfold and
render capable of animating the whole fyftem.
If the air becomes milder, motion and life re-
turn in the animals torpid from cold. If the
bees and flies that have been immerfed in water
are expofed to the funfhine, they foon begin
to move, expand their wings, and take flight.
‘Frogs and newts recover their natural vivacity
after being dry a little time. Why then cannot
we fay there is fome latent fpark of life in the
wheel animals, which the aid of water is required
to difcover'? :
1s4 .Confidering
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- Confidering, thefe fats, and allowing their juft
-value, we cannot deny that there is a refemblance
between the ftate of dry wheel animals, and that
of the animals we have named, with refpe&t to
appearance, perfe& immobility, and complete
inaltion of their whole members. But there i
-feen a moft remarkable’ and fenfible. differencs,
which muft create a great diftin€tion betwesn
them.. In animals torpid from: cold, whatever is
.the agent depriving them of fenfation and mo-
tion, it only does fo by deranging the neceffary
harmony between the fluids and _folids ; .yet it
.dees not derange them. fo far as to deftroy what
conftitutes their fluidity or folidity. The fame
harmony fubfifts in the inmoft parts of the body.
I have repeatedly. opened newts, frogs, toads,
tarpid by cold, and apparently dead ;. and I have
found, that notwithftanding. the blood did not
circulate through the limbs, it continued to cix-
culate in the laxge veflels,. thougli with extreme
langnor. If a greater degree of cold has ftiffen-
ed the folids, if it has coagulated the fluids, then
it is certain that the animals persith.. This, be-
fides having begn found by others in many in-
fe@s, I have myfelf feen in the toads, frogs, and
newts, of which I fpeak (1).. .
(1) It is dificult to allow this its full extent. Blu-
" srenbach had-a frozen frog which revived. Volta had fe-
' ; verak
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"1 have alfo found a remnant of motjon in the
heart and blood of thefe animals ‘half drowned,
and doubt not that it continues in bees and flies.
But if they remain long in water, all internal mo-
tion is deftroyed, and every hope of recovety is
gone. It is therefore indubitable, that in thefe
animals returning to life, the quality which con-
ftitutes the exiftence of the fluids, or folids, is not
taken away, nor is the "harmony that reigns be-
tween them totally deftroyed. . How very diffe-
rent is it with regard to wheel animals. When
moft vivacioufly traverfing the fluid, their bo-
dy refembles a thick jelly ;. the touch of the
point of a needle is ruin and deftruGtion. When
dry, the folids are. contralted and diftorted, the
whole body of the animal is ‘reduced to a hard
fhapelefs atom of matter; pierced by a needle,
it flies in pieces like a grain of falt. How 'is it
poffible that this atom, whofe folids preferve no
veftige of their former humidity and pliancy,
and where the fluids exift no more, how I fay,
can we fuppofe, that in this dry and disfigured
atom, a principle of life remains? Does anima-
tion exift in a frog, a toad, or a newt, when as

v : dry
, veral frozen for months, which fill exhibited figns of
Galvamfm and the author afterwards kept a number of
the fame ammals two years torpxd in fnow. They were

. dry, fhrivelled, and friable ; but revived on the apPhca.-
tion of heat.—T.
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dry aad rigid a8, wheel animals are among the
fsnd } May we conclude, and conchide with rea-
fom, that in them and other refurgent animals,
life is entirely gome, not only becaufe the reci-
procal astions of the fluids and the folids is de-
ftrayed, but becaufe the fluids .are entirely eva-
porsted, and becaufe drymefs and rigidity has
changed the patural flate of the folids? If we
faw a ftiff and comtratted frog, toad, or newt,
gradually revive when put in water, as we thould
call it a real and abfolute refivreion, fo thould
we call that which happens to refurgent wheel
animals 2 real and abfolute refurreCian alfo.
Bt it is time to.refume the hiffory of thele
‘wonderful animalcula : We have already defcrib-
od their figure and properties, but we have not
yet examined their organs feparately, which is
effential before becoming well acquainted with
“bath, By thefe I mean the heart, the two
grunks, and the wheels, acting at the vortices, I
could not properly do this before, becaufe it
would have obliged me to deviate from my ine
tended plan, which led to the relation of fome
facts following the order of time when they had
gecurred. It was in the profecution of my ob.
fervations, that the animal exhibited all the
three organs. While animated, it frequently hap.
- pens that the whole are not fhewn at all during
the time of animatien, or difplayed very flowly.
This
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This is what I bave obberved in my wheel anix
mals, and what fome of my friends have obferved

along with me. I did not fee the three organs =

till after twenty-one days examination. ~ Let the
reader figure a friail proceeding from its thell ; it
extends itfelf, and puts out the head and horns ;
then retiving within its habitation, it is. contrac-
ted and conceals them within the body. In this
ianner he will fenfibly coneeive the metions of
the two trunks and wheels of our animalcula.
Thofe then examined, and afterwards feen, did
rot always difplay both the trunks and wheels at
the fame moment,  but, like fnails, formetimes
concealed the one and fometimes the other, which
happened whenever they eantraébed themfelves ;-
and when remaining long extended, the. trunks
and wheels were kept out 3 long time alfo, The
wheels receive this appellation in a very improper
feafe, and by means of a fort of latitude or ac-
comimodation.—In the tra em infufion animal-
cula, I have treated at length of the minute, long,
and flender fibrils proceeding from the edge of
the mouth of many of thefe beings : I have faid
they were in continnal vibratien ; that they pros
duced a certain vortex in the infufions, which
carried the corpufcula feeding the animalcule te
its mouth. The wheels of wheel animals are on-
by two circular lines of fimilar fibrillee conftantly
' . inmotion: they produce the fame, offelt. with
- - ' the



-

§44 ANIMALS KILLED v

" the vibrating points or fibres of infufion animal
cula, forming two great vortices which convey the
" animal’s food to it. A wheeleris exhibited, with
the trunks extended, and the fibrils whofe mos
~_ tion refembles that of two wheels, and forms two
vortices, fig. s, plate 3.

When I fay, the wheels of my animalcula are
fuch only.in appearance, I do not mean that this
will extend as a general rule to all. The optical
illufion indeed has been correfted by fome na.
" turalifts, particularly M. Trembley and Bonnet ;
but. it is certain, that the opinion of others
is different. Leecuwenhoeck, that deep and
acute obferver of the moft minute objeds, ac-
tually calls them wheels, which revolve like thofe
conftru&ted by mechanics. Baker, who is not
inferior to him in accuracy of obfervation, and
has ftudied the wheels moft attentively o difcov-
er whether they are truly fuch or only vibrating
fibrille, is more inclined to believe them wheels.
What thefe two able naturalifts have obferved
may very well coincide with my remarks, for
their wheel animals have been fpecifically differ-
ent from mine. A fingular aperture for a mouth
~ fituated between the wheels, a fort of ring be-

neath it, a number of ferpentine veflels in the
head; the periftaltic motion of the inteftines, the
irregular agitation of a tranfparent fluid in every
part of the body, a particular undulation of that

g o ' fluid
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#fluld in the inteftines and fkin, weére feen by the
Englifh philofopher jn ‘his wheel animals’; 4nd
although he has accurately” deferibed them, I
have been ablg to find none -fimilar in mine:
There is no. doubt that I might have feen al] thefe
organs, both becaufe I ufed : Cuff’s - microfcope;
as Baker had done, and alfo .fome which werg
much fuperior, With this different organization,
it is not wonderful that his . wheel animals exhi.
bited anether organ which [ have not found in
mine ; that is, a pair of wheels proceeding from
the two trunks, whofe revolution produces the
fame effe&t as vibration of the fibrjlli, and forms
a moft rapid current, which carries particles to
the aniinal’,s mouth. It muft be remarked, with
. Baker, that this apparent rotation js not always -
executed with equal velocity, nor in ope di.
retion, Sometimes it is very quick, fometimes
very flow ; and thefe alternatives are either in-
ftantaneoufly or gradually effeted. ‘The animal,
at one time, turns to the right or.the left ; -and,
after moving long at one fide, it often interrupts
the vortex and. begins it in a part diametrically
oppefite.

Let us leave this brief dlgreﬁion, and return to
our animals. They no longer crawl at the bot-
tom when the fibrilli appear, but {fwim through
the whole fluid with the greateft velocity Ex.
pmmng thgm while in the a& of fwxgxmmg, 13

bavg
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have often endeavoured to difcover whether they
fwim by undulation of the body, or by vibrations
of the fibrilli, which, befides producing the vor:
tiees, mdy raifs and conduét the wheel animal by
their altion agamft the water. But it has not
been in my power to elucidate the falt fatisfac-
torily ; however, I fhould incline to think they
fwim by means of the vibrating fibrilli, fince they
generally ceafe when thefe are drawn within the
body (1).

I have already fpoke of a little circle ﬁtuated
towards the head, which appears like the junc-
tion of two C’s by the extremities. This part is
in conftant motion by alternate contraftion and
dilation, while the animal forms the vortex, and
the fibrils are extended. Bath Leeuwenhoeck
and Baker have obferved it, and thought it the
whieel animal’s heart.  Are we fure it is this or-
gan ? The fituation, figure, contraétion, and dila-
tjon, concur, according to the Englith naturalift,
to fupport the opinion. But if it is a heart, it is.

2

"(1) Some animalcula certainly may fwim in this way ;
but the wheels of this animal in particular, bear fo fmall
a proportion to the fize of the body, that it is difficult ta
concenve their power to convey it along : befides, its fpe.
cific gravnty is greater than that of water. I fhould ima.
gine it more probable that the wheel anima) fwims by un.
dulation.—T, - N
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a voluntary muicle, which beats at’ the will of
the aninml ; that js, when it protrudes the fibrilli
and forms the vortex ; and this onsaneity, if %
may ufe the expreflion, has, before me, begn ob.
ferved by others. Are there animals whefe heart
beats by intervals, fo that pulfation may ceske
when the apimal chufes? Wheel apimals fome.
times remain feveral weeks alive in water withous
making the vortex, confequently without moving
‘the heart. Is it poffible that any animal cag
exift fo long wahout pulfation of the heart, the
aninmating fpring of the whole machine ? Theft
are two paradoxes which may be no lefs true
than others more wonderful, fuch as the refurtecs
tion of the wheel animal. Though this perticle
may be thought a real heart, either from perform-
ing fun&tions fimilar; from its fiteation in the re-
gion of the breaft, from contraction and dila-
tion. like another heart, ftill thefe are net cone
vincing reafons, becaufe it may be an organ def,
tined for very different purpofes. I ought to fay,
as I think, that it is more natural to believe it to
be an organ‘ ferving for the aliments ; and that
the contrattion and dilation is for receiving the
food and trapfmitting it to the ftomach. Such
an hypothefis will ¢afily explain why it is in mo-
tion only while the vortex is formed : it is be-,
caufe aliment is then drawn to the mouth and .
tranfmitted to the body. If the part remains long .
mationlefs,
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motioslefs, it is becaufe no food is taken, and
this commonly happens when the animals, being
in an unfuitable fituation, languifh and die ; which
is fometimes the cafe with thofe revived in fand
kept in clofe veflels. Then I have feen, that al-
though the fand {warmed with wheel animals dur-
ing the firft days, the number decreafed, and thus
continued to fuch a degree, that in twelve or fif-
teen days the whole were dead. They appeared
lifelefs and disfigured at the bottom of the veflels,
and many were even reduced to nothing. During
this period of difeafe, the vortex was feldom
made; but it is almoft always formed when we
find them in fewers, in pits or holes of rain
water (1). . ‘

It is not an imaginary idea that this particle is
an organ formed for the receptacle of the aliment,
and to tranfmit it to the ftomach. It is founded,
1. On obferving in my wheel animals a kind of

- little canal united to it, fig. 3. B. 5. E. which, |
rifing towards the head, greatly refembles an cefo-
phagus. 2. This part is furely appropriated for
that purpofe in other aquatic animals, bearing

. great

(1) ¢ The heart of the wheel animal, which both Sco-
¢ poli and Spallanzani affirm is at reft when its filaments
¢ do not move, 1 have fometimes feen in motion. Tt is
¢ rather a mufcle for deglutition,’ Muller, Anim. Infuf,
ps 267.—T.
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;great relation to wheel animals, which may af-
ford a ftrong corroboration of the fa®. Such &
.an animal .often .found on the-tremella, fhorter
and alittle thicker than the wheel animal. The
pofterior part is provided with .two -diverg-
ing filaments, with which it fixes itfelf to any
fubftance. At the anterior part are long flender
fibrils, occafioning. a vortex .in the water wheti
the animal puts them in motion, fig. 6. There
is no motion when the fibrils are at reft. While
amoving, and during the continuance of the vor-
tex, a particle, A, fimilar in figure to that we
dpeak -of in the wheel animal, is feen almoft in
the centre of the animal : it alternately contraits
and dilates, but motion ceafes with ceflation of
the vortex. This difference ‘only is to be re-
wmarked; the particle of the wheel animal is
formed by two femicircular cavities, whereas that
in the tremella animal refembles a bladder or fol-
liculos. The particle and canal, towards the re-
gion of the head, are connetted, as in the wheel
animal, by a fhort du&, B, terminating at the
mouth of the animal, and at the oppofite extre-
ity it enters .another folliculus, C, which not
.only moves with alternate contraftion and dila-
‘tion, but undulates like a wave at reft. This
folliculus is precifely the receptacle of the ali-
aments. It is always full of a yellowith green
:matter, which, from time to time, proceeds from

Y.O.Ln H- ' K _ ' ‘[hﬁ
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the pofterior part by means of the undulating or
periftaltic motion. But we not only obferve the
food difcharged from the body, we fee it enter ;
that is, fragments of the tremella are feen convey-
ed by the vortex to the animal’s mouth, infufion
-animalcula of various fizes, and particles of other
.fubftances. Some eof the moft minute enter the
origin  of the cefophagus, traverfe the moving
particle, and arrive at the paflage far the recep-
. tacle of the alimemt (1). .

The fame thing is obferved in another axuma,l
of the tremella, which is mentioned in the tra&
on infufion animalcula, pl. 1, fig. 10, R. The
moving particle of this apimalcule, for it has one

-as well as the wheel animal, contraéts and dilates,
while the aliment, collected by the vortex, paffes
from the cefophagus to the ftomach. Thus we
fee a particle in thefe animals, which, in fitua-
tion, figure, and motion, refembles a heart, al-

" though it is not one, but an organ deftined for the
ufe of the aliment. For thefe reafons do I af-
cribe the fame ufe to that of the wheel animal, -

I am right, the wheel animal has no
heart : we fee no other part, no other organ,

that

(1) This feems to be Muller’s Porticella Furcata, p.
299. There is no figure of it among the plates, for which
a reafon is given in a2 note. I do not remember to have
met with it.—T. '



IV /AND- REVIVED. 147

" that can merit the name. If we may judge of
this by the fenfes, I fay, it has none more than
the two tremella animals, many infufion animal-
tula, the predigious number and variety of -polypi
wifible by the microfcope -and :to the naked eye,
to.omit many animals which it would -be tedi-
ous to enumerate. - 1 have never feen: the ap-
pearance of circulation in wheel animals, infufion
animalcula, in thofe of the tremella, or in
polypi. Although Baker has obferved the irre-
gular agitation of a fluid in wheel animals, he
ingenuoufly avows that he has never perceived
any trace of real circulation; yet all.feed, in-
creafe, and multiply, as thofe animals which
have a heart ,and circulation. Neither are they

- eflential to the vital funétions of many ; for thefe,

dt is.enough that there is a juft equilibrium, 2

«correfponding harmony between the fluids and
the folids. The idea we form of a heart .and
circulation are particular notions derived.from 2
definite number .of animals, which demonttrate
!he limits of our knowledge and underftanding,
and would ill apply if we.meant to adopt them
to the immenfity of models framed by nature.

The wheel .animals inhabiting the roofs of

‘houfes, towers, and other buildings expofed to
the inclemency of the weather, fhould be of a
conttitution calculated to fupport the fevereft ef-

fe@ts of heat and cold. I put them to the teft.

K2 - From
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“From a fewer in a fouth extpofute, I teok wheel
animals® fand, which had been expofed to the
heat of the fun twenty-nine days in the middie
of fummer. The thermometer flood at 129°,
" 133° 138° in the funthine; but the apimals
were not injured, for I had a great number very
vivacious when the fand was wet.

A little of this fand was expofed the whole fum.
mer, in very thin glafs tubés, on the outfide of a
fouth window, where the refleGtion of a heighbour-
‘ing wall excited extreme heat. During fome of the
 hotteft days, the thermometer rofe to 142° 3 but
this did not injure the wheel animals. On wet.
‘ting the fand, they appeéared -with the fame live-
Tinefs and vigour, and in the fame abundance; as
in other fand from the fame place expofed in a
north window, and feldom or never expertencing
the folar rays. Therefore it is evident, that the
exceflive heat of -fummer is not fa prejudicial to
wheel animals as to deftroy the refurgent faculty,
But is it the fame when revived ? Is this degree

of heat equally fupportable? I have alfo expofed
the tubes with fand and water, containing a great
number of living wheel animals, in the fame
‘warm fituation. The confequence was very dif-
ferent. In half an hour, the heat of the fun at
135° killed them. Thus, it is otherwife with
wheel animals, dry and deprived of life, and
when they are animated and in motion. I after.
' | " wards
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wards faw that refufcitated wheel animals died at
a much more gentle degree of heat, when expofs
ed in the funfhine at 113°.

The heat of the fire has the fame effet as that
of the folar rays: Although the revived animals
perifh at 111° gnd - 113°, if dry, they do nat
lofe the power of refurre@ion af 144°. [ could
extend my experiménts further with common fire
than the fun. The heat was raifed above 143°,
to fee whether dry wheel animals would revive ;
for it was probable there were limits here, and
thefe: I found at 153° Sand expofed to this
heat, prefented few wheel animals ; and expofed
to 158°; none appeared. But there is one cir-
cumftance neceffary to. be remarked: The ex-
periments were made dry, that is, keeping the
fand, two or three minutes expofed to the heat.
The confequences were very different on ufing
wet fand, immerfing it two or thiree minutes in
water warmed to that degtee: then the animals
did not revive after 131°
It is not difficult to explain why the deftruc-
tion of reanimated wheel animals is eafier than
when in their ftate of deficcation, The former
are 2 kind of jelly, confequently moft delieate.
Theix minute filaments are eafily broken and de-
firoyed by the penetrgting power of heat, which
cannot operate with fueh. facility when they are
dry: then the parts are- copcentrated within.

K3 themfelves,
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themfelves, compreffed and indurated. Béfides,
in this ftate, their globular figure prefents lef3
furface to the ation of the fire. The heat alls
alone on dry wheel animal} ; when alive, it a&ts
in conjunétion with the water, which pewerfully
concurs in lacerating them and  deftroying theif
organization, from its particles being fubtilized
by the heat and rendered‘more alive and pene-
trating: Thus it is that dry wheel animals can
refift the heat of- warm water. lefs: than that of
the fire itfelf.. '

Having feen- the effect of heat on wheel ani:
‘mals, it was neceffary to fee the effe& of cold:
‘With this intent, I took the fand of fewers
and from the hollows of the eaves and tiles;
where they are found during the moft intenfo
cold of winter, when roofs are covered with
fnow and ice. Thefand; moiftened with water,
Became fo firm and' conne&ted by the cold that it
was as hard as a ftone; but-the wheel animals
were not injured.  After melting- this mixture of
ice and fand, a great many revived ; however,.
their refurreCtion appgared lefs immediate.

The greateft cold of winter-was 16°, I there.’
fore determined to expofe the wheelers found on:
roofs to a degree more intenfe : and taking fome
portions of frozen fand from the bottom of a
fewer, I put them in a glafs veflel which was-
placed three hours in cold 11° belew o, obtain--

' ' ed
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el by means of the mixture I have often men-
tioned. The revival of the animals, after the ice -
melted, proved that they had fuffered no injury.

I next fought for the refult of the experiment
inverfed ; that is, what would happen on tranf-
thitting wheel animals, - from the degree of heat
at which they were animated, to various degrees-
of cold always more intenfe. One morning, fome
were taken in 4 wateh-glafs to a north window,
where the thermometer ftood at 25°, and I at-
tentively obferved what pafled. When the water
became fo cold that the hand could fcarcely be
kept in it, the wheel animals interrupted the vor-
tex and fell to the bottom, crawling languidly’
over the fand. The water foon froze ; then they
inoved with difficulty, and foon ceafed. When

- more frozen, they contrafted within themfelves,
forming into globules which were clearly feen
from the tranfparence of theice. Thus they paf-
fed the whole day and following night, which
was very cold. Next day; I removed them to a
warm fituation, to fee whether thofe in the ice,
under the figure of globules, would recover when
it melted. They did fo, even when remaining
longer in the ice, aid when the natural cold
-was increafed by means of fiitious to 11° un-
der o. ‘ B

‘Reafoning from the experiments by cold as

from thofe by heat, it might be inferred, that
K4 rexived
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revived wheel animals fhould not fupport the-
fame degree as thofe which are dead ; if, on the-
other hand; thefe laft fa@s did not' evince that
when the cold begins to a&- powerfully on- thofe
rgvived, they pafs from life to:death, as appears.-
by the ceffation of motion, their-contralion and
disfiguration, fo that they become exallly as
when evaporation of the water léaves them:
dry in the fand. ButI do not know that the:
a@tion of extreme cold will deprive living wheel.
animals of 'life. It is certain that it could not
deftroy. animalcula equally delicate, fuch as-fome
infufion animalcula-and tlie eels of vinegar. Yet,.
what is more: furprifing, the animalcula of: infu--
fions and the eels: of vinegar perith with lefs heat
than wheel animals :: they cannot fupport more.
than-111° At that degree feveral fpecies of:beetles, -
cliryfalids and’ caterpillars, perifh, as I before ob--
ferved; though they: can fupport 34° below freez--
ing.. This- thews that many animals in Gmilar
fituations-can fupport cold better than heat.
From the fa&ts hitherto related, we colle& that
there are two- principal caufes deftruétive of the-
refurgent-quality in- wheel apimals, the want of
fand-and of heat.  Are there others alfo produc--
ing the fame effe€t ? I could difcover it only by
conjeture, and ufing thie different methods pre--
judicial to the produllign and life of other ani-
mals, efpecially of thofe bearing the greateft ana-

logy
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logy to wheel animals, 33 the animaloyla of infa-
fions.. It has been proved that thefe are produc-
~ edinvacuo, This feems an effe@yal method
for preventing the refurretion: of wheel animak,
though we cannot deny that their refarre@iion is
facilitated by the influence of the air. The prine
cipal refults of repeated experiments, are, 1.
Wheel animals revive fooner and in greater num-~
ber in the open air than in vacuo. 2. Thofe that
do not revive in vacuo, Tecoyer when put in the
epen air.

However much ajr may promote the sufymec-
tion of wheel animals, it is abfolutely neceffary
for the prefervation of their kives,, When they re.
vive in vacud, or are put inte an exhaufted re-
eeiver, they die in a few days.

If wheel animals d1d revive in vacuo, though
¥ &fom}bk to fGPl?OfG thﬁ)’ WQUld; 3%[0 r_ev;ve; in
confined air, though it is-one method of prevent-
ing the developement and of ogcafioning the de-
ibué@on of other animals confined in very fmal¥
veflgls. 1 fealed up fome with wet fand in veffels =
they always revived very foen, and in abun--
dance :. they have even lived long, though, fromy
the extreme {mallnefs of the vcﬂ'els, there could

be very little air.
. Wheel animals fuffer from many fluids what
shey do not fuffer from privation of air, or from
atr
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air confined. The liquids injrrious and advans
tageous to them are the following { Thofe ins
noxious, I underftand td be fuch as either revive
thetti or preferve them alive when recovered ; and
of this nature are, pit, fiver, ite, fnow, and rain:
water, diftilled water, that of ditches, marfhes, and
pools, the feetid water of mud and dunghills.
With refpect to the fluids pernicious, they are
either thofe impregnated with pepper, commorni
falt, fal-gem, fugar, vitriol; thofe in which are
exprefled the juice of onions, garlic, urine, ink,
wine, verjuice, oil of olives, or nuts, brandy, vi-
negar, and the like; I never faw wheel animals
revive when their fand was put into any of thefé
fluids, and all the revived animals put into them
perithed. Some ftrong and penetrating odours
have been equally fatal, fuch is that of camphor.
All the living ones long expofed to its effluvia
die, and thefe expofed dry do not recover. The
oil of turpentine produces only the firft effect.

But if the odour becomes more adtive, as by
melting or burning the turpentine, the fumes
prevent the revivifcence of the animals. Both
effe@ts are produced by the fumes of burning
fulphur and camphor; only revived wheelers
are deftroyed by thofe of leaf tebacco.

RefleGting on the experiments by means of
heat, liquids, arid edours, I have fometimes
. doubted whether thefe three agents had deprived
the
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the animals of the refurgent property for-ever, or
§f there was any reafon to hope that it might be
recovered. In-a-being like the wheel animal, this
bope did not feem chimerical, nor would it have
been wonderful to feeit recover the faculty which
it naturally poflefles.. L have preferved.fand that
had been expofed to heat, and.from time to: time
wet it with pure water, and often obferved it
Fhe fame has been done with fand expofed to
liquids and odours, keeping it in the air and
weting it with. freth-water, that the noxious qua~
lides ‘'which injured the wheel: animals ' might be
deftroyed. But the numerous dead bodies have
never been re-animated by thefe methods.

* The wheel:animals, which fuggefted the opix
nion I have laid down,. were for the greater part
found in fewers and the hollows .of tiles, among
a fubftance which, for brevity, has been. called
fand, though,. to{peak more propesly, it is 2 mix-
ture. of: earth, fand, and.the fragments’ of- tiles.
This' fand, for I fhall continue to call it fo,
is the abode of wheel aniinals,}' but 'in. fome
kinds they are much more numerous than in
others. It is fingular, that if the fand.is reddifh,
it is almoft a certain. indication,. according to
Baker, of their prefence: They are always in- -
animate when the fand is dry. By one accufs -
tomed to obferve wheel animals.in the dry ftate
ﬂ:om.evaporahon of the water, they are eafily

. :ecogmzed

N
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secogniged when the fand is prefented on a fidey
to the microfcope. Then they are in the figure
of minute dry globules of 2 reddifh yellow co-
lour, whigh, by, humeétation, expand into fo many
animated wheelers.

Befides roofs and. tiles, particular waters cone
tain them. Both Baker and myfelf have often feen
them in ditches ; and I have taken miny from
pools, marfhes, and even beles of ﬂanding‘ was
ter.

The wheel animals of the earth are, in my
opinion, the origin. of thofe of roofs : ‘and this
foems 2 neceflary. conclufion ; at leaft we cannog
fay thofs of one roof come to another, which
fuppofes a particular cafe: but to fpeak general:
ly, and confidet the origin of the matter, wa
wuft derive their origin elfewhere, confequently
tecur to the waters, Fhe mapner in which they
pafs from the earth to reofs, may he eafily con:
ceived ; in their dry flate, the wind may tranfs
port them through the air, whenever their native

element is entirely or partmlly dried: up.

" In my ftudies on thefe curious beings, 1 hava
always reflefted on 4 moft important problem, to
mqun:e into their mode of propagation. Whith
this view, I have ifolated: them in watch-glaffas
* like infufion animdlcula, putting one in. each j
but I could never obferve them propagate either
ly fhoots qr divifion: though both ways are

¢ommen
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conion aifiong aquatic amimale, Neéither was
ft by a feetus, but I had feafon to think it was by
neans of éggs. When the animals had been
fome days revived, an ovular fubftanee was feeri
in the body of the largeft, PL 3. fig. 5. N: and
when I happened to find them dead, they always
had this ovular fubftance. But it had iit geheral
palled from their bodies into the glafs without the
means being knewn ; at the fame time with an
important fingularity ; when entire, the’ ifolated
animal fwam alone in the fluid; buat when the
fubftance was broken, another wheel animal mueh
[maller fwam along with it, This made me fuf;
pedt, that the new inhabitant had come from thé
ovular fubftance,which, s ather eggs, was broken
for exclufion of the animal¢ule, One might
fulpe6t, .that it alfo was carried thither by thé
air 3 however, to afcertain the fa&, it was necef:
fary to fee the wheglet iffue from the ovular fub.
ftance, which, notwithftanding all my eare and
aftention, I could never accomplith,

Baker’s obfervations agree with mine, though
he has not been miore fortunate, He thinks
wheel .animals are oviparous, becaufe he has of-
ten obferved a confiderable number of gelatinous
eggs of proporuonal fize in the water along with
them. He has alfo obférved in a fpecxes of
wheel animals, a little larger than the moft coms
men kind, an elliptic body, the figure of which

yery
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wery much refembles the fubftance I have-defcrib-
ed: but he never-had the fatisfaltion to fee-one
excluded : nor has he feen a whegl animal come
from the gelatinous eggs, though he kept them
three  years. ‘

. The learned Abbate Roffredi has -enjoyed the
good-fortune -denied to Baker and me, and put
the finithing ftroke to eur obfervations. In.
cidentally fpeaking of the wheel animal in Ro-.
gier’s Journal, he fays, in exprefs terms, he has
deen it delivered of an egg, and an animal pro.
ceed from the egg.  * Leeuwenhoeck is miftaken
<in thinking the wheel animal wiviparous; -and
< what he fuppofed excrements in the inteftines is
< really an egg, which I have feen it produce, and
¢ often continued to obferve until it was hatched.”
If Roffredi’s -obfervation 4s corre&t, which, in-
deed, cannot be doubted, a faét in the hiftory of
the wheel animal is elucidated which fhould deep-
1y intereft the naturalift.

The folution of this problem, added to my ob-
fervations, difcovers another important truth,
namely, that wheel animals undergo no meta-

" morphofis. I have colleted many minute ones
produced in a watch-glafe. They always conti-
nued growing; but when killed and revived
their increment was flow; and quick, on the con-
trary, when they were kept continually wet.
When full grown, ¢ach generally laid an egg,

. ' ~ which
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which produced another wheel animal, Thus |
know, from the time of exclufion until matyrity,
they undergo no change. We cannot call it 3
metamorphofis when they are produced, for then
they have attained their greateft perfection. The
infe@ts that metamorphofe never propagate their
- {pecies until they become winged animals, that
is, until they have acquired the laft degree of per-
fection to which metamorphofis will bring them,
. Finally, my obferyations have fhown me, that
wheel animals are hermaphrodites in the moft ri.
gorous fenfe. 1 have obtained the fifth genera-
tion from many eggs which were ifolated in
watch-glafles to remove all fufpicion of copula,
ton. .

'SECTION 1L

. 'THE SLOTH, ANGUILLZE OF TILES, AND THOSE Op
BLIGHTED CORN.

Taetindof tiles, the mud of ditches and marthes,
- 'which pafs in the vulgar eyefor the vileft of mat-
ter, are fources of wonder to the philofophic ob«
' | ferver,

| ~
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ferver; from the rare and fingular beings they
contain. To the mud of ditches and marthes we
®we the clufter, armed, bulb fannel, and knot-
&ed polypus. It is there we finid the Frefh water
iworm; the boat worm, and the dart millepede,
‘animals that have confoundéd the human mind,
#nd creatéd a néw philofophy. When the fand of -
tilés is not the abode of wheel animals, it is not
then the lefs fatous of temarkable. An animal
wwhich fevives after death, anid which; within cer-
tain limits, revives 4 often as we plea:l'c, isa
phiefioménon 45 incedible as it feems improbable
and paradogical. It confourids the nioft receiv-
wd ideds of afimality 5 it creates new ideas, and
becomes an obje no lefs interefting to the re-
fearches of the naturalift than the fpeculation of
the profound metaphyfician. But the celebrity
of this fand will increafe, by learning that it con-
tains other animals, which, like the wheeler, pof-
fefs the property of refurrection: fo that we may
almoft fay, all the animals living in fand are im-
mortal. There I have difcovered two new fpe-
cies of animals, which I proceed to defcribe. 1
lament that their rarenefs has ptevented me from
extending my obfervations as far as 1 could have
wifhed, or rather as far as the impertance of the
fubje€ would have required.

. On wetting wheel anirhals’ fand, I feveral tlmes
" obferved a yellowﬂh animal three or four times

. larger
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farger than a wheeler with fix legs ; but I paid
no particular attention to it, fuppofing that it
was fome little terreftrial infolt that had cafually
fallen inte the watch-glafs where the fand was
kept. My reafon for thinking fo, was from al-
ways having feen it move obliquely and very
flowly at the bottom of the water, as if un-
able to walk, and often fupine, making great
exertions to recover its natural pofition, but they
were in general fruitlefs, as happens to many
aeria and terreftrial infets cafually falling into
water. At the fame time, with more continued
-and careful obfervation, 1 recognized it as an
animal really aquatic, and perceived that its
awkward and laborious mede of progreflion was
from the fmoothnefs of the glafs flider an which
it had been put for examination, and, when
‘placed on fand, that it had a regular progreflive
motion, flow indeed, and, compared with the
wheel animals’ motion, like the crawling of a
tortoife. Thus to defign it by fome defcnpuve
name, I called it the Sloth.

" The whole body is granulated : the anterior
part obtufe: and the pofterior terminated by
four hooked filaments, which ferve for attaching
it to any particular place. The limbs have fmall
thining claws, or nails, which, as far as one can
judge, are of a corneous fubftance, the points
twned towards the body, as we fee in the re-

Youx. 1L L suived
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ccurved claws of feveral infets.. The corpulence
of the floth, rendering it opaque, prevents us from
feeing the internal organization. ~ But we can
_j)e;ceive a fmall elliptical fpot in the middle of
the body, which I fufpeét to be the refervair of
the aliments. In the anterior part is alfo diftin-
guifhed an internal lucid fpot, fmaller, narrower,
and longer than the other, which I have fometimes
fuppofed the cefophagus. ~ The figure of the
“whole is clumfy, and very much refembles the
tefticle of a cock. The floth is reprefented fu-
pine, fig. 7. pl. 3. the profile is feen fig. 8,
This animalcule forms no vortex in the wa-
“ter, which is not furprifing, as it has neither the
wheels nor fibrille of the animals that perform
this operation. It appears that the wheel animal
cannot advance a ftep without fixing the trident to
fome adjacent fubftance ; it is otherwife with the
floth, for it often makes no ufe of its hooked fila- -
ments. It never fwjms ; it is fpecifically heavier
“ than the water ; thence it always turns round on
the furface of the fand, or amongft it.

“"T'he phenomena of its death, from the want of
water, and of refurreCtion when water is fupp_liéd,
are precifely the famg with thofe of the wheel
animal. Motion gradually ceafes: the limbs
are contra&ted and drawn entirely withixi the bo-
dy, which diminithes very much, is completely
dried, and affumes 3 globular figure, pl. 4. fig."

I
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1. The reverfe fucceeds when the ﬂoth is re-
vived by fupplying water. = As the wheel animal
gan only revive a certain number of times, fo itis
with the floth. And, although fand is neceffary
for its refurreion, it does not appear fo effential
as for that of the wheel animal. .
The degrees of heat, fatal to revived or dead
wheel animals, are alfo fatal to floths; and the
Jame may be faid of odours and liquors. Cold,
‘however intenfe, does them no ‘harm, and in this
fhey hkewxfe comclde with wheel animals.
" Sloths are mﬁmtely more rare than wheel ani-
mals : “for five and twenty of thefe, four or five
floths are ‘hardly found, All are of the fame
figure, but not equal in fize. I have ifolated
many in watch-glaffes, fometimes with fand and
fometimes with pure water, intending to difcover
‘their mode of propagation, but, inftead of multi-
plying, all perifhed : fome fooner, fome later,
‘none ever attaining the fixth day (1).
' Lz . The

(r) This animalcule is uncommonly rare. Thave never
feen a defcription of it by any other naturalift : and it
only occurred to me jn two infufions. Muller’s Cercaria
Hirta, which he found but twice, feems to have fome refem-
blance, but he does not fay enough of the properties to
afcertain it, nor does he remark ény feet. I had mine
.ffrom June until the following February. They were

very
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Thehird fpecies of refurgent animals found in
and confifts of certain minute eels, very like the
anguille
very minute, not one tenth of the fize of thofe men«
tioned in the text, which, added to their rarity, was an ab-
folute bar to experiment. They had no terminating pro-
je&ions or hooks, nor were the different fafcia vifible,
However, I fometimes thought two hooks of very few were
pencpﬁble, but I could neverbe certain, The animal was
f:erfeé'tly opaque, which prevented any obfervation of the
interior part. There was no fand in the infufion, which had
been made of dried twigs eight or ten months before, and
the floth’s natural abode was among the particles of mat-
ter, efpecially on the twigs, How it propagates I am
ignorant : it did not multiply much.
I have difcovered another animal which moft:probably
belongs to this fingular clafs. It was in an infufion the
fame as the former, and there I had it from the begin-
ning of May until the end of Auguft. It then difappear-
ed, and I faw one in the fubfequent February. In one
other infufion, I found two or three nearly the fame. It
bears the greateft refemblance to a3 moft minute caterpillar,
both in appearance and motion. It moves little, and then
with great awkwardnefs and languor. The largeft m.ight
be about one-third of a line in length, and perceptible by
the naked eye, which could only diftinguifh a long white
fpeck, but few are of this fizes, Inftead of fix legs and
four hooks, there are eight legs, the two laft exaQly
like thofe of a caterpillar. With the fecond higheft mag-
nifier of my microfcope, I could obferve ¢ach of the fix

legs
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anguillee of vinegar. This fpecies is much rarer,
nor is it to be found on every roof. The head
and

Iegs terminated by two long claws a little curved ; whe-
tb&r the two hind ones were terminated by three, four, or
five, could never be afcertained ; circumftances were very
feldom fo favourable as to admit of the others being feen.
In fome, I thought the eye might be diftinguifhed, and an
aperture for recciving aliment. There is a great diffe-
rence  of fize. Moft of them are of an opaque dufky
brown, which feems their natural colour. Some are per-
fe@ly tranfparent, which I fuppofe are dead, for no mo»
tion has ever been evident, although the fa& is not abfo-
tutely certain.

1 know very little more of the propagation of this animal
than that of the former, except from conje&ﬁre. One -
night in May, I was furprifed to fee three large round
fubftances in the bedy of a floth : it made no impreflion
on me at the time ; but returning to obfervation, feveral
nights afterwards, I faw the bozly of another, of the largeft
fize, completely filled from end to end of the whole with
ten large eggs. 1%do not think there was room for one
more. Every moment I expeted to fee an egg proceed
from the body. The obfervation was continued for hours,
and during the next day. The fame number remained :
the animal was then obfcured by fome particles of matte;,
and all endeavours to recover it ineffeual, - Nor has mj' .
fuccefs been greater with the few others appearing with
eggs ; for, notwithftanding all pbﬁible care and attention, I
never could fee one produced. The floths containing
them were all perfe@tly traniparent and motionlefs. The

) L number
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and adjoining part of tle body are very tranfpa:
rent, and-of a: fhining filver colour: the tailiis
the fame, but the intermediate part is darkifh
and all granulated. The greater part of the tail:
is bent, and. terminates in a very fharp point.
The head, on the contrary, is obtufe ;. and a little
below the. extremity there is a mouth, which
terminates a canal, apparently ferving for an
cefophagus, and traverfing the. whole length of
the body, pl. 4. fig. 2..

» 1§

number contained from one. to ten. I faw one with a
fingle egg, fo large as to diftend the body in the middle
_very much, Whether thefe fubflances are eggs or feetufes
is unceffain. they are probably the latter included by a
fine integument ; and I rather fuppofe that the body of the
mothcr Burfts to gnve them an exit or immediately after
they are produced. Itis ‘much more difficult to ifolate
an animal thit almoft never moves than another that is
commualf}: traverﬁng a ﬂuld. Sometimes I did facceed -
in 1folatmg ﬂot}xs with e egg; in watch-glaﬂ'es. When the
young appeared the parent was. no Ionger vifible, at leaft:
I could ot find i it 3 ; and they ‘were xemarkably fmall in
comparifon to others. “"There ‘was mo fand where they
were found ; their natu;al abode was among the pamcles
of vegetablc fubﬁance "1 did ot fucceed m reviving
them but their fcarclty prevented me from’ makmg re-
peated and accurate expenments. This; if it, is a floth,

" mnay be named Tardxgmdur Oﬂopda/u, and that in thev

text Tard igradus ltalicus—~T."
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If the fand is quite dry, they are feeri motion-
lefs, dried up, and gerierally bent into a fpiral. -
When corfiderably fprinkled with water, they
foon exhibit figns of life. The tail firft com-
mences a gentle motion, bending and turning in
different diretions : the liead then moves, and
afterwards the reft of the body : fo that the whole
animal foon becomes animated. = Whence it re- -
fults; that the fime degree of humidity is not re.’
quired to animate this fpecies as for thie wheel
animal and floth, which do not revive unlefs com-
pletely immerfed in water. The eels do not
change their place: they only extend, contrad,
turn, and bend. If the fand is thoroughly wet,
their a&ivity and rapidity of courfe is as great as
that of the eels of vinegar. Provided they have
water, they live long in watch-glaffes : if there is
fand at the bottom, they feldom quit it, always
moving about the grains and puthing their heads
among them, which would induce us to fuppofe
that they do fo in fearch of food, for fome more
minute and delicate parucles are tranfmitted by the
mouth to the cefophagus. Notwithftanding they
have been long kept in glaffes, I never faw them-
propag‘ate. :

‘When' the water evaporates, they die; but
they refift death longer than wheel animals and
floths. A fmall degree of métion remains feveral
thinutes after evaporation. When dead, the fi-

: L gure
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gure of the body is changed : the length is con-
tratted, and the breadth diminifhed. They in-
fenfibly refume their original fize on humeétation,

and animation returns. There are conditions

neceflary for refurreftion : When the ecls are in

fand, a quarter of an hour is fufficient for recal-

ling them to life; but in pure water, thereis a

great difference according to circumfances. If
only the firft or fecond time of revival, there is
not much difference in the time required for re-

furretion ; but, in proportion as the number of
refurre@ions increafes, the time neceffary for re-

vival always becomes greater : an hour at leaft,

and fometimes more, is required for the fourth ;

for the fifth fill longer, and fo on for the reft.
The frequency of refurre&tion in pure water, as

in fand, is limited, like that of wheel animals and

floths. The eels die for ever at the feventh or

the eighth, or, at moft, the ninth refurretion ;

and, although moiftened. again, they revive

no more. Part of their rapidity and ativity is

loft in each refurre@ion, fo that the laft is but a

fimple change from immobility to languid eon-

torfions of the members.

Here then are three fpecxes of ammals, mhabxt-
ing the fand of roofs, which nature has permitted
to revive after death. Thefe three are the only
inhabitants of this fand, at leaft I do not think I
have ever feen other animated beings there, hav-

ing
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ing a permanent abode. - Fhey are not the only
animals, however, that enjoy the privilege of re-
furrection ; others alfo poffefs it : among thefe,
the celebrated eels of blighted corn deferve to be
particularly mentioned. All the world knows
that Mr Needham is the author of this famous
difcovery. Examining the internal furface of
blighted corn, he faw with agreeable furprife that
it was compofed of minute eels, which, on being
wet, acquired motion, and ‘gave certain indica-
tions of life. Their immediate refurrettion, as
he has obferved, takes place when the ears are
gathered ftill freth and humid : if they have been
gathered fome time, and have loft their humidi-
ty, maceration is neceffary ; nor will this always
be fufficient for refurretion ; it is even requifite
that the eels remain a given time in the water.
‘When allowed to dry, they become motionlefs,
and recover life on humeétation. But what chiefly
furprifed the author of the difcovery was, after
having preferved the blighted corn for two years
and more, the fame phenomena were obferved
. anew when it was wet. |
The fa& was too wonderful for others not to
endeavour to afcertain it. It has been corrobor-
ated by feveral good obfervers, fuch as the il-
luftrious tranflator of Mr Needham’s work, where
this difcovery is fpoken of (1); by the Count
Gindani

(1) Nouvelles Obfervations Microcopiques.
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Ginnani (1) ; but by Baker in particular, in his-
excellent treatife on the eels of blighted corn (2).
Among other things, he has feen the refurreCtion
of eels taken from grain that had been dry four
years. ~This obfervation he made before Mr
Folkes, then Prefident of the Royal Saciety, and’
other friends. But he witneffed a refurrection’
much more wonderful, which was effeGed after
a far-longer time. In 1771, he had fome blight-
ed corn which he had ‘got from Mr Needham'
in 1744. In his experiments, refurreGtion fuc-
ceeded perfeitly at the end of twenty-feven' ‘
years (3)-
In fhort, there is not at this day any profeflor,
any amateur of natural hiftory, particularly in

Italy, who does not take pledfure in amufing him-
felf, and gratifying the curiofity of his learned
friends, with thefe admirable refurreGions. For
this reafon, I judge it needlefs to ftop and prove
their reality by new fads, and-to fpeak of the
origin and generation of the eels ; for we know
that this, which is'a moft effential part of their
hiftory, has been amply elucidated by the learned
labours of Italians.” The refults of fome ‘of my
trivial obfervations only thall be related, whick
N mlf

(1) Delle Malattie del grano in erba. . -
(2) Employment for the Microfcope. - ...
(3) Journal de Rozier.
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will both fervé as proofs of their hiftory, and are
analogous to thofe we have given of other refur-
gent animalcula. '

The extefnal colour of a' grain of blighted.
corn, that has been kept fome time, is like foot =
if broken, the internal fubftance confifts of a.dry
whitifh matter, which, examined with the micro-
fcope, changes to a mafs of long esl-fhaped cor-
pufcula. They are not only exceflively dry, bus
lifelefs, and fo eonfufed and confounded together,
that it is extremely difficult to feparate them
without rupture.

If the grain has been fome hours infufed in
water, and the extremity adroitly cut. off, without
injuring the interior, and then. prefled with pin.
cers, a parcel of minute ecls are feen paffing
through the hole, juft like a bit of pafte drawn
into a thread. When dropped into water, they.
fcatter ; and, falling to the bottom,.are extended
as fo many ftraight lines, or a little curved, and
remain in this pofition until revival.

Such variety has occurred in the time for
revival, computing from the moment of hu-
meQation, that I have never feen the fame thing -
twice, -The anguillz'of fome grains were reani-
mated in three hours or lefs ; and others, in four
or five. Some required twenty hours or more;
and fome, complete days. All thofe of the fame
grain were not reanimated at once; fometimes

o twd

-
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two days intervened between the animation of the
firft and laft. The whole do not revive :-fome
are disfigured and lacerated, part are always fo 3,
but fome apparefitly entire and unhurt remain

motionlefs. Refurrettion is affeted by the ftate

of the weather ¢ it is accelerated by heat, and re-
tarded by cold ; but here alfo are irregularities.
It may be ufeful to defcribe the fymptoms
which announce the revival of the eels. The firft
indication of returning life is a deviation from
the ftraight lines their dead bodies formed : the
head and tail begin to curve, though the reft of
the body continies in a ftraight line. Some-
times the two extremities do not bend: the
body only becomes a little arched in the middle.
- One will gently ofcillate, while the other does
not move: fometimes they approach each other
until a circle is formed by the extremities touch«
ing.. One extremity ‘will reft on the other, or
glide over it, or both are entwined together :
fometimes the whole body is rolled into a fpiral
in more or fewer, in wider or natrower volutions.
Thefe bendings, arcs, ofcillations, circles, twin.
ings, glidings, volutes; thefe contortions are forme
ed and deftroyed, and repeated at firft very lan.
guidly, then in a manner more lively and perceps
tible. This ftrange variety of motions, with
others which it is unneceflary to defctibe, conti-
nues during all the time they live. Whence it

appears they have nothmg that may properly be
‘called
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called progreffive mation, which -conftitutes a -
difference between them and the other refurgent
animals, They never rife in the water, nor do
they crawl on the fides of the veffel ; they con.
ftantly remain at the bottom, appearing like a pel-
licle or fpot darker or lighter according as they
‘are more or lefs numerous.

If the water fails, whether by evaporation or
‘otherwifg, the eels gradually become lifelefs, and
motion ceafes when there is no more water. The
other three kinds of refurgent animals have the
prudence to fly the places where the water dries ;
but the eels continue in the fame fpot without at-
tempting to efcape.

In feveral hours, they become very dry, and
adhere to the fubftances below fo tenacioufly,
that it is difficult to feparate them without break-
ing : when wet, they feparate eafily, efpecially
with the point of a needl, They foon foften,
and, becoming pliant, it is evident they are of a
gelatinous confiftence : and an iron inftrument
cannot touch them without injury. This, at
leaft, happens while alive : when dead fome days,
they are ftill very fragile, yet have mare cohe-
fion than one would think ; they refift the point
of a needle, and do not fuffer from a drep of wa-
ter let fall from a confiderable height. If dryon-
ly a quarter of an hour, the conta& of water re.
anjmates them; and in a litile they become as

vivacioys
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winacious as before. Urine, falt water, and vmegat,
produce fimilar effets, though fatal in other cir-
cumftances, as we fhall fee. - When dry during
Some days, thiey require:a full hour for revival. If
one has patience to wet them, and allow them to
dry, death and refurre&tion will be feen in an im-

portant limitation : which is, the oftener humec-

tation is repeated, the lefs the number of refur-

gents will be, and the longer time required for

xrevival. I had a number of lively eels in a watch-

glafs, the firft time they were revived : one thou-

fandth part did not revive the eleventh time, and

the feventcenth there was not one. I have often

repeated this important fa&, and always with the

fame confequence, except that the reviving eels_
either went beyond the feventeenth time, or died.

before attaining it. Not only wheel animals,

floths, and the minute eels of roofs, but alfo thofe

of blighted corn, enjoy the property of refurrec-

tion circumfcribed within certain limits, beyond

which it is loft. Thebody to revive muft be en-

tire. -Eels, cut into two .or more parts, though

often wet, and remaining long in water, never ex-

hibit any fign of motion. Al fenfation is loft on

divifion in two, after a flight univerfal vibration

or convulfion of the body.

I have fubjected the eels, as well as wheel ani-
mals, to different expériments, and-firft-to elec-
p'u:lty, ufing Fraoklin’s battery, Thofe alive

-died
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dlied inftantapeoufly, and thofe dead at the time,
loft the property of refurre&tion. This did not
furprife me : for almoft all were broken or disfi-
gured by the-traverfing fhock. There was a dif-
ference in the refults, if the blighted corn was fub-
je@ed to the fame experiment; few. revived when,
the grains had been preyioufly macerated : if the
grains were dry, many recovered life.

As falt water, urine, and vinegar are unfit for

* reviving the anguillz, at leaft if they have been’
only a fhort time dry, {g are they fatal to them
avhen revived ; not fo'inftantaneoufly, however,
as to other animalgula, for eels will move in them
fome. hours after immerfion, '

A vacuum does not prejudice their refurrcc-
tion, whether the firft time after proceeding from
the grain or in future: only, refurreion is not
fo foon accomplifhed as in the open air. .

The heat of the fun or the fire at 140° kills
them in feveral hours : motion and life are al-
moft immediately deftroyed at 144° or 149°,
Heat is a more powerful agent on wet ‘grains
than on dry. The obferver will commonl Have
many eels from grains that have fuffered 138¢:
moft part are killed at that degreg if the graing

‘are wet.

When freezing water becomes folid, the «eels

ceafe to move, Cold 82 below o does not de-
S ftroy
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froy the refurgent property, and life returns on
melting of the ice. '

Thofe who have never feen the eels of blighted
comwzllﬁndtbemdeﬁ > fig. 3. 4. 5. PL 4.
as they fwim in the fluid before 2 magnifier net
very powerﬁll Seven blighted grains are repre.
fented of their natural fize and figure, fig. 6. and
;hree magnified, fig. 7.

Plants are beings fo analogous to animals, that
he may be excufed who has defined them rooted
animals. In the works of Vallifneri, Buffon,
- Bonnet, and, laftly, of the Abbé Corti, may be
feen the numerous and various traits of analogy
between thefe two claffes of organifed beings.
‘The fubje& of which we treat prefents a new ana-
logy : for as different animals revive after death,
fo do many plants fpring again after they have
perithed. It would be departing 'from my plan
was I to fay as much of them as I have faid of
animals: and I fhall be content with mentioning
two, the noffoc and tremella. The noftoc, fo
named by Paracelfus, is a terreftrial plant, whofe
fudden appearance in places where there was no
fign of it before was confidered by the ancients
rather as a prodigy of heaven or earth than
as a plant. Thus they depominated it Heapen's. )
Slower and Earth’s flower.: b igdeen in all:fea-
fons, but particularly -in-:faumgasr<after-heavy
Yajns. . Tpausb,ﬁfpmgs in-avexy. Joj), it prefers

meadows
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meadows, drid lands, and fandy valleys. ‘The
colour is a brownif green ; the figure irregular,
and refembling a leaf carelefsly folded. When
feparated with the fingers, fome refiftance is felt,
fuch as one feels on tearing a joung leaf. 1If a
fuddeni drought happens, the noftot contradts
and dries, retnaining only a fhrivelled fine thin
#kin. If a fudden and Heavy rain falls, it again
becomes green, and refumes its original fize.
Therefore the noftoc, as Reaumur, who has
furniflied me with this intelligence, obferves, is a
plant of a fingular kind, fince it recovers life afs
ter being in a ftate whu:h to others would be per-
manent death (1),

Vor: IL. M The

(1)1 have never been able to find the tremella riq/loc‘ 3
but I have made a few experiments on fome plants of the
fame genus: There is one, of a beautiful yellow; which
in damp or iwet weatlier appears on decayed wood. The
largeRt, when in full vigour, that I have met with, is about
an inch and a quarter long, and about aninch high, of an.
irregular figure. I believe it is the tremelia dilequefcens.
" When allowed to dry, it becomes of a deep brown colour,-
fiot ah eighth of an inth in fige; and very hard. B); wet-
_ ting it, the full fite and igare are re-acquired. It may be

. tepeatedly dried and #heiftened without injury. I think
4t is Jonger of expatding and of the expanfion being com.
plete according % e petind of defiscarign engd the num-

ber
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= The fameprivilege i pofiefied by the tremella,.
which:is-an.aquatic plant{;.placed- by batanifts in.
the clefs Gonfdrva(i1)... if-ib chance to be in a.
weflel whenesthe: water:fiils, it dries..and lofes its
verdure ; : buy. water: being fupplied, it. foon : re-
sovers its origimal -ftate. - (Nature does the fame:
as art.. I have feen, fromnthe beginning of July
YRS VRN S DRSS ST OT ST Y till.

ny{ 1

betr of rov:vals 3! but thls ?a& merlts farther mve&lgat:on.
After elghty days deﬁccatnon, it :mmedxately revxved
=T AR
(1 ) Natura]xﬂs have latcly difputed ‘much concermng
‘the nature of Confervz By chemical analyfis, they give
produé‘ts chxeﬂy peculiar to the vegetable kmgdom T &
T'hey nge out an acid, and a fmall quantity of ammoniac,
combined with pyromucous acid ; 2. They contain muriat
‘and carbonat of potafh and, although foda may be found
"in them, we know that it is ‘466’ found in many vegetat-
bles; 3. ‘THe quantlty of “afh¥s s Tathier an indication of
their vegetablc figrure’ { This “anatyfis was made by Vau:
"yuelin; ko concladed frof it thit conferve had a great-
er relation to- the” Vegetable’ than theanimal’ kmgdom.
i8> Decandolle has Wtfipaied: Tike fehtitnénts and difdeve-
*fles of mBdern natutakitts b ¥he Tbfed ;* and, itia judi-
LoltiGnemoir, he &ifﬁkﬁ‘?“’téﬁf&wf »atd Reither interme-
. diate beings betweed AHtimaldShd ‘o‘e\gét’abus, polypi, nor
V}M}[’ierr, riéither afedthéy: hggrega&s“of admaleull, but
<régl vegetadles, analdgous to tremiolkey fuci; and dithens,”
Redgpote fir 1exTCrifves, Johrnal de Phyfique, tom. 5%

p ‘421, ‘
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till the end of O&dber,ia ditch forwateringi land
ctovered fifty times  with:the: beawtiful venddre.of
the tremella, and feen ‘&t as! aften difappear, (when
there was. no witer. . Golomde{s> hairs;'or ‘Wisol
only were vifible, at thefidessand the: bottom,
which, - the microfodpe fhewed .. ma,wonﬁﬁed of
the tremella drpand dead: - - ~ i

‘What can be the reafon why thefe ammals
and plants are thus privileged, in comparifon to
many others which, perifhing onee, perith for
ever >—Shall we perhaps_afcribe it to the fimpli-
.city of their ftruGture ? But this opinion or con-
jecture does not feem well founded: There are
many animals that never revive, whofe ftru@ure
is as fimple; or even more fo, than that of the re-
furgent animals:. Are not many infufion animal-
tula, which are eompofed of a fimple aggregate
_of veficles, undoubtedly lefs complex than wheel
_animals, which are provided with veflels, wheels,
inteftines, and ovaries ? - Yet they do nat re-
_cover life when ance it is loft. Simplicity of
fruQure wquld.even feam an obftacle to their re-
{urrection ; - for the fimple membrane of feveral
dpecies burfts ©n evaporation of the water: the

-animal iy difpezfed, and reduced to an uneonnec-
. ted -and difordered heap of fragments. . ‘
4 The. arm-polypus is no lefs. fimple than the
- animaloula of infufions, being compofed but of a -

gramxlated gelatinous fkin. - i fimplicity of figre-
M=z : ture
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*ture influenced - the refurre@ion of animals, the:
- drm-polypits would certainly be one}, and it feems
‘fo tuch. the better adapted for refurre€tion, as it
+ éontinues alive notwithftanding every method hds.
*been‘taken-td deftroy animation.. It is deméonftrat-
ed, ‘that thefe polypi fuftain no infury by being
turned feveral times outfide in, 1ik¥'a glove, or by
‘ bemg'cut afurider. If the hedd.is cit off, a fort
*&f hydra' with many heads arifes, ‘each of which
veceives Food by a different mouth. * If thefe new
“heads ‘are cut off, new hydras {pring ap ;. and
each hesd creatéyd polypus fit for the formation
‘éf more hydras: Inthort, every patticle, even the '
finalléft fragment of a. polypus, unfolds arid be-
¢omes & new polypus: - If an animal. fb mangled
and lcerated does not die, will: it not be: very
. eredible:that, only being illowed to remain-dry,
:it may ftilk-retain the faculty of: refurreétion ? But
fad@s prove the’ reverfe.: The arm-polypus al-
ways. dies when: the water evaporates ; -and this:
* happens equally wehether it-is immediately expof--
ed to she air, or lies concealed among its native
‘fub-aquatic herbs.. When the water is almoft:
exhaufted, the arms are retratted into the ani-:
mal ; it contra&ts within itfelf, and dies. It never
recovers, though water is-copioufly fupplied. L
Ipeak of the arm-polypus, for it is the only fpecies-
I have been able to find, and is the fmalleft cE
Trembley’s arm—polyp1

After
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m 3 ure,
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hfe, though fui:pended is preferved and appears
on hume&ation. . .

I can difcover no gteatet ﬁmphcxty in the tre-
mella. and noftoc than in.many Plants ‘that da
"not revive, Let us throw a haﬁy glance on ‘the
truffle, What vegetable. is more fimple? No
"ro0ts, tendnls, or fibres, internal or external
fubftance equally compaét and unxform through-
‘out, only interrupted by veins fimilar to thofe
“winding ~on forpe {pecies of marble. It has no
analogous organization with other plants, either
" terreftrial or _aquatic ;. yet truﬁles, after once dry-
"ing in the ajr, do not revive if put in water.

Thefe united falts prove the fallacy of thofe opi-
“nions whlch attribute the refurretion of animals ta
the ﬁmpllmty of their ‘organization. But to what
othe: prmcxple can we recur ? for we are here
conﬁramed to proceed on con]e&ure rather than
evxdence ‘and’ the view of truth, "I fhall fuggeft
‘an hypotheﬁs without engagm& to fupport it.
Haller s expenments demonﬂ:rate, that the vttal
prmcxple of animals Wlth a heart orlgmally re-
ﬁdes in the 1rr1tab|hty of thlS mufcle. His ex.

p perlments are too well known to need repetltlon, :
In animals which have no heart, it is more than

probable that the principle of life refides in the
irritability of their mufcles. This bemg admit-
ted, if the ftate of the animals is fuch that the ir-
ntable nature of the heart and mufcles is “de-
ﬂ:royed
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Atrayed, fo as to leave no hope of reparation, it
{s cléar tha¥ the animal not only dies, but muft
' always remain.dead : if the irritability ‘is fich
‘that it may be. re.excited, exther naturally or by
“art, it is”indubitable .that the' ammal vl pafs
- ﬁom death~to life. Tt will not ﬁgmﬁf ﬂ‘ieugh it
wemains dead a. long timme, even for an age.*: The
- aeader comprehehds my idea. 'When' whetl ani-
- mﬁls, floths; and the eels of tiles are deprived of
swater, their i‘mtabxhty is evidently loft, and they
~ie. Other animals, having once loft ‘this irrita-
bility, never recover it; but it is awakened in
- wheel ammals, ﬂoths, and eéls, and they return
to their original life by hume@ation. ~_+°
. From the fame principle, may wé. explain why
: ;n certajp -cafes.thefe’animals lofe the reﬂn' ent
' property when expofed to powerful heat.or.péne-
-trating odours, .or when fome hqulds and elec-
-tricity aét -upon. them. “Such agents injure’ the
‘mufcular ftruéture, as appears by the L)upture of
.the body and deftrution .of the lmtaB!e power
refiding init. This perhaps is ‘thé reafon why
frequent humeCtations prejudice refufcitant ani-
mals ; -for I have really feen it ;.and:in parucular
-obferved that the members of the eels of. bhght-
ed corn -were mlured and lacemted by rcpeated
hume&aﬂon
. We muft copclude from the w] ole, that as ir-
,ntabxhty refides in the glutmous part of the
M 4 mufcle,

“
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muicle, this part of refurgent ssimals has.quali-
ties very diffcrent from:thairritableparss of other
animals,, thoughcwe are . prafoundly.ignorans.ef
what ronftitutes the diffenemce;dbscandp: we . sre
profoundly ignorant of what the:jghaten confifts,
1 with'to be.fincere.. A camelufion-aghindt the
- hypothefis may he deducad sfrom roy )prgﬂ'a
" meénts. lrritability is. recognifed by its appeas:
. ance, that i3, on touching. .the. mufgular fibre
with any ftimulant, itwcontrads.and hegorees He
gid: - 1 have often ftimylated. the. muyfcular fube
ftance of the eels of blighted corn apd tiles, wigh
an extremely fine iron.point, apd attentively.obs
ferved the confequence. The mufcular fibre ale
waye feemed to.contra&t 3 litderowhen touched;
but I muft acknowledge the fame thing happens
ed to the anguille of vinegar, and to .other ana-
logous animalcila,. which do not epjoy the priviy
lege of refurre@ion. . There are-even fome aqua.
tic:and terreftrial vermiculi more. irritable than
-the eels, fince with the moft gentle touch they
contra and fwell, ntil they become many times
asithick and fhost, The objettion is therefore con-
fined: to this: there are fome ammalcula which
do &t revive, though as irrifable, ‘even more fo
thati thofe that do. But’it” does not  affelt m}c‘
hypothefis, for the principle of refurre€tion is npt
placcd in the greateﬁ and moft perfc& irritabili«
T DA .!;.-.‘.. baalenes s qu?«

.-
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may be renewed by .means of - Tertain circumy
ftances; shoygh it otherwite appmnmbe lefs
aflive thap in ether aninmals. BT
- $f this hypothefis does nDt_feuu, &llyvapphca-
ble to plants; in. what concerns ‘their writability,
Jinge we ksow only 2 very fmall pumber poflef-
. fing that property, ftill it may be applied to what
pefpelts thair organization. Dried plants in ge-
-peral’do not recover:life, probably becaufe they
ace fo much. injured in drying as to become. in- .
.gapable .of imbibing. the juives.provided, and
gonverting them into their.gwn fubftance. Thenoe
o they perifh, and are totally deftroyed. If fuch
diforder is not-occafioned by drying,.and the or-
gemic adlion of plants revives wl'wnﬂthe_y are foft-
ened, .and refume their -original form, it is un-
doubted. that they will then recover. their _priftine
verdure.and natural. frefhnefs. . This.may be the
ployfical caufe. why themvemeﬂa mﬁoq. and fome
other vegetables. revive. . o
. This txa& -may.be wmmzted mth fqmcx re-
ﬂe&sonsonthnfebemg_swhmhwe can_kill and .
bripg:to life at pleafure.. 'When prefented.tothe -
mind we are aftonifhed,:becaufe they are ifolated
beings : they form a feparate clafs, and the ideas
they fuggeft-ace adverfe to:thofe received of the
animated . world... But: when it is -proved .by. a2
ﬁnespf lmpmable fa,&s, that all is gradated ig
pature,
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«can no longer. be called. exceptions. The fur-
prife that affe@ts the mind from fomething new
or extraorqury gerually diminithes . and va-
“nifhes entirely. {Ine ortwo examples will cor-
‘roborate and, elucidate thefe reﬂe&xons on refur-
o gent ammals. Y -

08 of the moft eﬁ'e&ual methods to defh‘oy
ammals is to cut them'in pieces :* nothing is more
‘dgominon or bctter known. “To fay this is a mode
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have a real progx'tﬁ#c moﬁozf ‘From this fome natura-

mlafuppofe that it 5 epdoWed-with ariimality,. or. coniii-

gutes a tink whiclt comxeﬁs thwmuhal and vegetadle hmg-

stoms, though‘propetly -Bclongmg to.ficither. ' Other s -

towdlifte shink thefe fpecies are real vegetables, but that

their motion or progreﬁ'xon is owmg to fome mechanxcq.l
e i et 1)

mans—-T.
e os{e I8 e odr

(z) Prodromo fopra le Rnproduzxom Ammzh.

.
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<€1) Flk pelebrated Bernard Mofeati, fiizgeon in Milan,
who was an eye witnel, told me this fad, T
L N - v S ,__,‘.4'," -j‘:-',.;!f '(,}

[}
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The difcovery of refurgent animals is far from
being as extenfive as that'of reproduion or her-
maphrodifn ; but this arifes lefs from the fcar-
city of fuch beings than the rarenefs of the phi-
lofophers who have entered on this branch of na-
tural philofophy. Leeuwenhoeck was the firft
who, by his reviving wheel animal, drew the
<urtain from before thefe obje@s: and feems
futprifed at a fa& which was unique and unexam-
pled in nature: and, indeed, no onme thought

. khere was another creature in-all the animated
world poffefled of this ‘prodigy.: - But fince the
profound ‘ refearch of miore .tfiodern naturalifts
has difcovered. others, I doubt nat that the num-
ber of thefe ‘wondesful beings- will incrchfe 2

- the ftudy is cultivated, - -

- The fame gradauons perceptitsie’in hermaphm-
dites and in reproducing aitimals eanitbt be expec~
ted in the refulcitant. There may be a greater or
lefs
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~ -There are other two fates very fimilar t6 the

- @eath of refurgent animals. One isthe ftate of the
#mbryo in a fecundated egg befove it has expert~
enced the heat meceffary for -expunfion : life is
incomplete: theré are but the rudiswnts of lifes
*Fhe other is the ftate of a chryfalis among in~
fefts. 'When.the caterpiliar- has:loft its naturat
S BN " form,

-
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-fotmyydt-aflurmes-that. of a: thapelefs malsy withoue
-the: veltige of.feet or wihgs: it ceafes to feed;
-indeed to eat would be impeoffible, for the organs
-are wanting : it has no longer loco:motion ;- and
.wevthould really believe. it dead, but for fome in-
fle@ion and- contortion of ‘which the pofterior
part is fufceptibles . Apparent death is ftill more
fenfible in the nymphs of many worms; no fti-
mulus can awaken any fymptom of life or fenfa-
tion:

Thus there dre fituations in nature fomewhat
fimilar to the ftate of dry refurgent arimals : and
thefe fituations may be protrated or abridged at
pleafure the fame as with refurgent animals.
That torpid animals may never awaken from
their lethargy; that the embryo may never exs
pand in the egg ; that flies and butterflies may
never pfoceed from the nymphs and chryfalids, no-
thing is requifite but to keep them continually ex-
pofed to eold. Thereverfe will happen on expox
fure to heat. Probably there are gradations of con-
neftion more immediate and more dire& betweens
the animals that revive and thofe that do not.
Life, however feeble and obfcure; is always life =,
between it and death there is a diftance as greas
as between exiltence and nonsentity: An animal,
whofe life might-be. fulpended from an impedi-

" ment tp the mutual a&ion of the folids and the

fluids, would :be the link conne&ing the leaft
Vor. IL N degree
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‘degree of life with death. Such an amimalis
yet unknown : but we thould not defpair of find-
ing it, fince fo many are difcovered which con-
ne&t and more intimately unite the animated
chain. Let us only refle&t, that natural hiftory is-
yet in its infancy, and that our difcoveries are
~ nothing, compared with what we have yet to dif-
cover. . ‘
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OBSERVATIONS Axp EXPERIMENTS
N

THE ORIGIN OF THE PLANTULAE OF MOULD.

T miould, which I have examined; and in.
tend fimply and briefly to defcribe, fprings on
moiftened bread, apples, pears, melons, or gourds,
beginning to fpoil. It may be divided into two
kinds, the one very fimple and eafy to be obfeiv-
ed : the other complex and intticate, which can
only be underftood by a generic defcription, Let
us begin with the former.

One fpecies is without branches, and each fila-
ment bears a globule at the fammit, pl. 5. fig. 3.
another is ramofe, but with this difference, that
fome plants have a globule at the vertex, while
others have none, fig: 2. Thefe. globules fhall
always be termed the inute heads of mould ;

Na but
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but with refpeét to them there is a remark necef-
fary. Without the microfcope, we fhould fuppofe
them perfetly fpherical, and even with it they ap-
pear fo if viewed from above ;. but when examined
below, that is wliere the ftalk is inferted into the
head, we obferve that all, or the greater number,
are fhaped like mufhrooms, or, to fpeak more
philofapliically, they are real’ muflirooms.. Two
filaments, with globules, are reprefented, fig. 7.
and highly magnified, fig. 8. A kind of mould:
fometimes grows onm' pears, which is a&ually a-
fhrub in miniature, univerfally adorned with:
fpherical:heads and mufhrooms, fig. 6.

Ramous mould is often attached to vegetable
fubftances witKout the aid of roots ;; but mould
wantiftg branches almoft always has roots origi-
nating from a round corpulcle, from which the
filaments or ftalks of mould arife. It is fingular,
‘that in proportion-as every root gives origin toa
greater number of ftalks, fo are the filaments it
fends forth below more numerous in proportior.
‘A degree of refiftance is felt on tearing mould
from the fubftance where it fprings, which
is the confequence of ‘the roots being well
fixed.© When torn up, they appear- very crook-
ed, while the ftalks, that have not fuffered
from the impreflions of the air, are perfedly
ftraight.  Many of thefe ‘are of an equal thick-
niefs throughout, and’become a-little fmaller to-
- : wards
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wards the top. "The defcription will, perhaps, be
better underftood by fig. 3.

Mould is at firft of a moft beautiful white-; it
next acquires a yellowith tint, and at laft black-
ens; however, the heads grow much blacker
than the ftalks and branches. The origin and
increafe.of mould is nearly in proporuon to the
heat.of the atmofphere; its appearance and ve-
getation are never more fudden than during the
heats of fummer. A fubftance 'which does not
exhibit a fingle ftalk of mould at night, will ‘of-
ten be covered in the morning by mould, which
has then attained its full fize and matunty (1)
It does not increafe fo much in height as in thick-
nefs, and the heads, already black, are always of
larger fize than when they were young and
white.

- Mould never rifes fo beautiful and vigorous’ 28
when vegetating under fome veflel or receiver,
providing the communication with the external
and internal air remains. The teafon is evident. -
N3 : The

(1) Bradley remarks that the feed of mould has vege-
tated in three hours, and in about fix more, the plant had
attained its perfe@ fize, Philofiphical Tranfadtions, 1729,
p- 491. However, fome mould takes much ,Ioﬁgcr time.
May, it is often very long before mould is produced on a
fubftance, either from abfence _of the feeds, or the fuh.
Wance not béing* well adapted for its vegetation.—T.
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The ftalks being very fine near the fummit, and.
bearing on the vertex a round corpufculum, which
ofcillates the filament by its own weight, as the
ear of corn occafions ofcillation of- the ftalk, we
may eafily perceive that every breath of air,
however gentle, will bend, break, and deftroy
their moft delicate texture, which does not en-
fue when the moulding fubftances are put under
a receiver, Befides, their humidity is better pre-
ferved, a condition moft effential for the produc-
tion and increafe of mould. In the courfe of
thefe obfervations, I have always ufed receivers,
The prejudicial confequences of agitated air are
vifible, fig. 1. which reprefents two fpots of
mould with heads, viewed with the naked eye
when taken from under the receiver, and expo-
fed a fhart time to the adtion of the air ; their na~
tural diretion is loft, and the ftalks bend in va.
rious dire&ions. .

Some fubftances, put in a fituation to acquirg
mould, gradually diffolve into a kind of acid
fluid, wetting the circumjacent parts; it is pre-
cifely ‘here that the mould hitherto mentioned
fprings. A fmaller portion of moifture likewife
gxhales from the fame fubftance, which adheres to
the infide of the receiver, in the form of a pellucid
aqueous veil, and increafes fo confiderably as to
form large drops that run down the fides of
_ the receiver in winding ftreams : an equal quan.

ity
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ity of mould grows on thefe ftreams, as may be
-obferved if the glafs receivers are tranfparent.
But the other kind of mould, which-in the be-
ginning we have faid is very complicated, always
fprings on the immediate fubftance of the vegeta-
ble itfelf, and particularly prefers gourds and
moiftened bread. When ithefe begin to acidify
-and corrupt, a thick white covering of mould
appears on the furface, which.in a few hours is
an inch high, and, when ripe, three inches or
more. This is different from the lalt fpecies, '
which, at complete maturity, is fcarcely half an
iach high. We havealready obferved, that each
plant may be examined feparately, and without
confufion, and that the examination may be dif-
tin&tly continued until maturity ; but it is ather-
wife with the meuld before us ; for it is impof~ '
Aible to examine each plant diftin& and feparate.
The immenfe number of them when the mould
begins to fpring, the interlacing of the ftalks
and ‘branches which entangle and interweave in
a hundred different ways, is a complete -obftacle
to it: the eye is abfolutely confounded, vifion is
confufed, and can only diftinguith an intricate
aflerablage of flender filaments, which, as vegeta-
tion advances, hecome more and more deranged,'
therefore a general defcription of the whole to-
. gether muft be given. The ftalks, torn from the
.fubftance where- they fpring, feem to have no
: N4 roots.
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foots. Numeérous twigs and branches proceed
from each, which are frequently of as great dia-
meter as the parent ftalks whence they originate.
* ‘While the ftalks fucceflively vegetate and ex-
tend, feveral groups of fmaller branches fpring
out laterally, with minute heads at the vertex.
Thefe are partly fungi-form, partly globular, and, A
as the ftalks rife, they blacken and’ come to 'ma-
turity. Additional new ftalks next appear ; and
multiplication continues fo long as the mould
vegetates. This little foreft of filaments is ‘ter-
minated by moft minute points, and wholly ¢o-
vered with black globules. |
Thus does mould originate and arrive at ma-
tunty We need not inquire whether it is a real
' vegetable: it eyidently is fuch, by the obferva-
tions I relate. But thefe vegetables, or microfco-
pic plants, d6 not poflefs two properties common
to other plants. Ligneous and herbaceous plants,
expofed to natural light, always tend to take a
direction perpendicular to the horizon, They en-
deavour to attain itwhen an impediment intervenes.
The experiments of M. Bonnet are excellent as
may be feen in his work Sur Pufage des Feuilles.
Bat we do not fee this tendency to perpendicularity
in mould ; for, although many ftalks are perpendi-
cular, it is not eflential to their nature, and in-
numerable others are in a different direttion. If
a plant grows in the rent of a wall, though it firft

. 3PpeR
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appeats in a horizontal pofition, it foon rifes pers
pendicularly, and fo continues to, grow. Itis
otherwife with mould. T have often cut a piece
of melon, gourd, or-bread, into a cube : mould
vegetated on the four lateral furfaces, and the
ftalks had conftantly every other than a perpen-
dicular direétion (1). -
' - The other property, which was difcovered by
the celebrated Genevefe naturalift, is the tena
dency of plants to turn towards the light. In
addition to the falls he recites, which are fuffi.
cient to afcertain the property, I have frequently
obferved it in legumes growing in infufions, fhut
up in a prefs : the plants always bent towards a
chink that admitted a flender ray of light ; and if
this chink was ftopped up, and a new one open.
ed in a different part of the prefs, the plants a.
bandoned their original dire&ion for this new
one. I could never difcover that light had the
leaft influence on mould.

If ripe mould is fhaken, a kind of black duft
falls from it, which the celebrated botanift Mi«
cheli has fuppofed the feed of the plantula ; but

_ (1) This may generally happen s but I have, in many
inftances, feen an evident tendency to perpendicularity,
apd vegetation in a ftraight line. Deviation from it may
perhaps be chiefly occafioned by the extreme delicacy of
the ftalk. T\
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the elder Dr Monti, alo a: very eminent botanift,
has called the truth of his opinion in queftion,
and rather inclines to think that mould fprings
by fpontancous generation. Before difcuffing
this matter, which is fo intevefting, it is proper
to examine where the duft is found, which ren-
ders it neceflary to make a brief analyfis of the
heads of mould, which can only be done by fee-
ing it ripen. Before maturity, the heads are of
a whitith and yellowith colour, the furface very
{mooth, and they are firmly attached to the ftalk.
Broken with a fine needle, they feem membran-
aceous, angd full of a granulated fubftance. If,
inftead of being broke, they burft, a number of
moft minute round feeds fometimes come’ out :
thefe are found both in the fpherical and fungi-
form heads. When they blacken, the appearance
changes ; the furface feems unequal ; it is lacer-
ated in feveral places, and refembles a parcel of
black rags. Many feeds are feen when opened ;
but young mould has white feed, and old or ripe
mould has black. By letting a drop of water
fall on the heads, the feeds are feen more dif-
tin@ly and in greater abundance. On conta&
with the fluid, or a little afterwards, the heads
burft and fcatter a cloud of feeds around ; fo that
I may affirm, without danger of exaggeration, 2
thoufand are in each head. The ‘unripe heads
do pot open in this manner when wet; they re-

main
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degifive, which was fowing the duft. He ftrew-
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main entire; dnd it muft be remarked,’ that’ the
ripe ones are not altogether decompofed, Both
in the round and fungiform is a little head in the
centre, which centinues adhering to the fiakk;
it is cinder-coloured; and does not appear black
like the exterior. It is difficult to be detached
-from the ftalk, -but, with gentle preffure, a fmall

of feeds, refembling thofe I have defcribed, is
raifed ; after which, the central head becomres 3
dry, empty fkin,

If the heads, black and ripe, are opencd-by
means of water, quantities of feed fo great efcape,
that they adhere to the plants, and the ftalks par.
ticularly, in fuch a manner that one would fup-
pofe the exterior compofed of feeds alone, were
they not previoufly feen in a different ftate. The
deceitful appearance of two plants in this ftate js
teprefented fig, 9. One is completely covered
with feed ; the head is magnified, and great part

- of it alfo covered. Three ftalks are reprefented

fig. 4. The whole feeds of one head are expofs
ed ; another head is partly covered by the integu.
ment ; and the third wholly fo,

A quantity of this duft conttitutes the powder
which blackens the hands when mould is touchs.
ed; and it is confidered real feed, by the cele-
prated Florentine botanift. To afcertain the
truth, he had recourfe to a method apparently

ed



208 ORIGIN. 6F MOULD: A4

ed it on fome vegetable fubftances, and faw them
covered with mould. But the Bolognefe Profef-
for repeated Micheli’s experiment without find-
jng it fo conclufive; the vegetable fubftances
being equally covered, though no duft was put
upon them. Thus the queftion ‘was undecided,
for I do not know that any other perfon has at-
tempted to folve it. Perhaps I fhall be taxed
with prefumption for faying, that, by means of
experiments analogous to thofe of Micheli, it has
heen in my power to afcertain the fa&, but ex-

periments much more numerous, diverfified and
conneéted, which I muft be permitted to narrate.
- Two pieces of moiftened bread were taken, as

fimilar to each other as-poffible, and from the
fame loaf, fo as to be perfeitly equal ; and I en-
deavoured to attain the fame equality in all the
reft of my experiments. One piece was ftrewed
with duft, taken from a quantity of ripe mould
heads, in fuch a manner that the furface was
faintly blackened < the other was untouched, on
purpofe to compare the produétion upon each.
This was done in fummer.. Next day, the fown
_fubftance,—but, for brevity it may be obferved,
that by this is meant the. fubftance of whatever
pature covered with duft; and by wnfown, the
other vegetable fubftance not covered,—on the
fown.fubftance, I fay, a thade of mould appear-
«ed, whereas on the unfown was none. Before
: the
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the third day, both were covered with mould ;
but that on the fown fubftance was almoft double
“the height and thicknefs of the mould on the
other. Both fpecies were the fame, and perfe&iy
fimilar to what had produced the duft. - Oa the
fourth day, the mould of the unfown fubftance,
though not fo thick, was equal to -the other in
height ; it was even higher the following day,
but afterwards continued to become thianer.
Thefe experiments were repeated eleven times on
moiftened bread: twice the mould became e-
qually high and thick on both fubftances, and
nine times it was higher on the unfown ene, but
‘thinner. It conftantly fprung ﬁrIt on the fown
fubftance. .
Having colle&ted a grat quaatity. of ripe duft,
I thought of varying :the portions fcattered- oa
moiftened bread. The confequences were new.:
“When the quantity of duft was very fmall, there
was almoft no difference in the height and thick-
nefs of the nrould ‘on eitlrer- fubftance fown ar
-unfown ; however, the thicknefs increafed by
fowing a greater. quantity; and it was never fo
" thick as when: ‘liberally ftrewed ower the ‘bread :
then the mould was a real covering ; but in pre-
portion as the thicknefs. augmented, the height
‘diminithed. = The experiments were repeated
again and again on apples, pears, and gourds ;
. . - R . M

~
s
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and all the refults were, toa certain degree, miore
or lefs fimilar to what are related. -
‘We may, in the firft place, deduce, that fow-
ing the duft accelerates the prodution of mould §
fecondly, The thicknefs is incredfed ; thirdly,
The height is lefs. Confidering thefe falts with
refpe@t to my obje&, it feems that the fecond
proves the duft to be the real feed of the mould ;
for more abundant producion arifes from fcat-
tering it. If the thicknef8 increafes in proportion
as the quantity fown is augmented, .it is natural
to fuppofe the fuperabundance of mould on fown
fubftances an effe& of -the duft, or rather of the
minute feeds fown ; and-that all or moft part of
the mould originates from them. This being
the cafe; we cannot be furprifed if mould on
fown fubftances is not fo-high as upon unfown ;
for, the plants being more numerous, each can
tiot imbibe the fame nutriment from it as may be -
derived from that which is unfown, where there are
fewer. The fame alfo fuicceeds -with other plants,
Which are fmaller and fhorter in proportion as
they are more crowded together. The firft con«
fequence deduiced from thefe falts demontrates,
that the prodaéion of fown mould is earlier than
that of unfown. I have thought it might be bes
caufe the fubftances fpoil fooner ; fince it appears
¢hat, by means ef the duft, they fooner contra&®
that principle of acidity and pugrefadion; ont
- whichy-
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which, as we have alréady remarked, the origin
of mould depends.
The experiments were diverfified. Sometintes
I covered a half, fometimes two thirds, or ene,
ef a flice of bread, an apple, a pear, or a gourd,
without touching the other half. The half, twe
thirds, or one third, were juft in the condition of
the fown fubftances. 1 likewife made another
experiment. After covering half a flice of bread,
apple, or gourd, with duft, the farface fown was
applied to another furface fimilar but uafown,
and both left in this ftate feveral days. On the
whole fown furface a veil of mould appeared, the
vegetasion of which had ceafed, becaufe it was
fpoiled by the fubftance applied : but no veftige
of mould was feen en the unfown part. Thus the
hypothefis is corroborated, that the duft is the real
feed of the mould, becaufe that produced on the
“places fown was exally of the fame fpecies with
what had afforded the duft. :
Notwithftanding all thefe plaufible and repeat-
ed experiments, I was not fatisfied. Fs it not
poflible, faid I to myfelf, that this duft only ren-
ders the foil more fertile, fo that it will produce
. a greater quantity of mould, as the earth fertil-
ized by foreign matter will produce more plants?
Certainly it was not impoflible; and, withing to
proceed with philofophic ftritnefs, I judged my-
Jelf obliged to realize or remove the poffibilitys
- for
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For which purpofe.it:was proper to cover moulds
ing fubftances with duft taken from differens
vegetables, different earths, and other matter
wvalatile from extreme minutenefs. It-feemed, if
the other duft could contribute to render fubftan-
-es8 moreé fit for producing mould, that it alone did
‘not pofiefs this-property. Tle roots, {talks, and
‘heads of mould, ftill unripe, were not fpared:
‘They were dried, and reduced to fine powder,
but without effe&t. For the moft part, inftead
of the ufual quantity of mould appearing, they
deprived the fown. fubftances of the powet of pro-
ducing it ; and that powder, which did not pree
vent the producion, diminithed the quantity of
.what the unfown fubftances ufed to produce. Al
thefe,united fa&s feemed to_prove, that the gra.
~nuli, proceedmg from ripe. mould heads, are real
vegetable feeds. . : -
. Duripg the courfe of my experiments, I was
curious to learn whether the feed would germi-
nate when fown on fubftanges that naturally did
nqt mould. A quantity was fowa on hard bo-
dies,. as, glafs, metals, ftones, alfo on blot fheet,
WEiing paper, cotton, fponge, and the hke. Al
the fubftances were kept. moift : but no traces ap-,
pagred except {fome ﬁlaments, which were per-
~ ceptible on fponge. Certain circumftances are
sequifite for the .expanfion of the feeds, -and:
thefe are found only in. particular fubftances..
The
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. 'The minute feeds or duft of mould poffe(s the
peculiarity of refifting a degree of heat, which no-
other feeds can fupport without lofing the power
of germination.  Afterboiling the feed in water, I
. poured the water, then become black, on fub-
ftances apt to mould, and where it ufually grows
-thicker than on fubftances unmoiftened. The fame
-was done with duft expofed to much greater heat;
"and I have found, that as this heat does not de-
-prive the feeds of the property of reproduttion,
neither does it alter their fize or figure, which exa-
.mination with the microfcope  both before and

.after expofure has demonftrated.

~ But does that mould, which fprings without be-
ing fown, and by the care.of nature alone, on in-
finite fubftances, every where difperfed, alfo derive
its origin from the duft, which we may. fuppofe
‘diffeminated throngh the air .and -on terreftrial
matter 2 If natural and’ artificial mould are of
the fame fpecies, and if the artificial is -produced
by the duft of the natural mould, I cannot-fee
why the latter fhould ot origihate ‘from the
fame principle, efpecially fince it is dertioriftrated
that no other part of mould, fuch as roots and
ftalks, aid the. reprodudion. ~The hypothéfis]
{fuppofing that this duft is invifibly ‘fcatteret§
through all, and gives exiftence 1o an irhrifenfit}
of natural mould, is one of the moft teafonabit’
hypothefes in philofophy. If eagh ripe‘head caft
Vor. 1L .0 ‘ furnifh
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furgith q thoufand feeids, abd if sach fpat of
~anauld contzins a prodigious number of heads, it
s clear that in the courfe of years the duft thould
“be multiplied to excefz, becanfe, from its extraor.
dinary levity and finenefs, it may be univerfally
diffufed. '
¥We have certain evidence that feeds may be
kept a long time without tofing the germinating
-faculty. My illuftrious friend, M, Bomnet of
‘Geneva, told me a fingular fa&t ; In 1748, cam
-was carried from Sicily to Geneva, and lodged
4n the magazines of the Republic. Some indi-
viduals fowed part of it in a walled garden, 1y71.
-Notwithftanding the length of time, it vegetated
perﬁe&ly and nearly as thick as comman to grain
. of the fame Kind, The wonderful minutepefs of
.the feed of moyld feems to adapt it for long pre-
fervation ; but I have already given a convincing
proof of the fa&,
Heat is undoubtedly one of the moft powerﬁxl
agents in depriving feed of its germmaung facul.
ty. Inthe tradt on infufion animalcula, it has
been feen that the number of feeds which can
fypport the heat of boiling water is very fmall ;
.and although M, Duhamel’s fingular cafe is cited,
-where wheat germinated after experiencing 235°
in a ftove, it is here proved that the feeds of
mould are not deﬁroyed by a degree infinitely
: .  greater,
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greater. Therefare, it is not abfurd to fuppofe
that feeds, which refift the injuries’of weathér,
anay preferve fecundity for ages. This we can
«afily comprehend how .immenfe ‘the abusndance
of this vegetable thould be, fince its féed multie
plies fo much, is preferved fo long, and that.it
fhould be fo copioufly diffeminated ovér all terref-
«rial fubftances, as continually to be in readinefs
for germination, when the requifites effential are
prefent. ' :
The firft.of Sig. Monti’s doubts concersting the
' production of mould, which led him to think that
it originated by fpontaneous generation, is refolv-
ed. The other doubt which arofe fromi’ mould-
-ing fubftances acquiring mould after boiling, the
“fame as before it, is equally’removed ; for if the
feed does not lofe its germinating -faculty” from
" expofure in a hot chafing difh, there is no- won-
der that it is retained at 2 degree of heat fo far in-
ferior as that of boiling water.
Although the fubftanices fsr my .exipenmema
were conﬁant}y kept under recéivers, which was
*done with the view of ‘obtaining” more" loixuriant
and beautiful mould, commiunication with the ex-
* ternal air was uninterrupted. I withed 6 dif¢cduer
what would fucceed ont cutting off Fhis commusita-
tion, but previous.to that'the confequence of leffsn-
ing it. Monlding fubftances were put-into very
large glafs veffels : the necks were then drawn to
" a point by the blow-pipe; and as the point could
Q2 be
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be brought to any degree of finenefs, I had vef:
fels into which a ftream of air, no larger than a
hair, could be admitted, a little more into fome,
and ftill more into others. Al the. inclofed fub-
ftances moulded in a certain time. But in thofe
with a very fmall aperture, vegetation was flow-
er ; and the mould did not rife fo high as when
the aperture was larger. The vegetable fub-
-ftances within always perfpire fo much, that the
vapour collets at the apertures, and obftru&s
them, efpecially if very fmall, which may be cor-
reCted by fucking out the moifture ; however, if
this is negleted, mould will not grow, or hard-
ly at all in very fmall veffels.
My curiofity being fatisfied here, I began the
other inquiry, which was the effe& of excluding
- the external ajr entirely, and this was eafily accom-
plithed by a hermetical feal. The veflels were of
 different fizes, fome might contain fix pounds of
-water, fome only one, and others but a few ounces.
This difference affected the mould. In the largeft,
elthough egually thick as in open veffels, it never
- grew fo high, and was later of appearing : the
mould, in thofe of a middle fize, was fhorter,
ftill later, and mare rare ; its ftate was worft in
the fmalleft veflels ; none appeared in fome, and
in others, a flight fhade was fcarcely vifible.
" Veffels of three different fizes, containing ve-
getable fubftances, were hermetically fealed, and

ut
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put feveral hours in boiling water.  In the fmal-
left was no mould, a little in the nuddle fized, and
plenty in the largeft.
To thefe two experiments I added a thxrd by
putting moulding fubftances in vacuo; and re-
peated refults proved that, duting the time the
fubftances were there, which was always feveral
days, if by any chanee a portion of air infinuated
itfelf into the reeeiver; a quantity of mould ap-
peared which came to maturity, though very.
fhort. ‘None ever germinated when the air was
quite exhaufted. Some plantulz, produced in
-a receiver where the vacuum was incomplete,
are reprefented, Plate 5. fig. 5. ,
-:Thefe three different experiments afcertain
that the phntule have the fame relation with the
air as other plants, but it is apparently lefs ne.
ceffary to them ; for when a thread of air enter-
ed the receivers, fome mould vegetated, yet .the
leguminous feeds within gave no indications of
vegetation ; neither do feeds vegetate in veflels
hermetically fealed, although vegetables will
mould  there. The fimplicity of mould . un--
doubtedly contributes to render the prefence-
of air lefs' effential, in the fame way as animals; -
which are lefs compound in the fcale of organi..
zation, may be produced, and exift in a fmaller
quantity of air than is neceffary for us.
Qs L M,
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M. Bonnet, in his judicious refleGtions on
mould, queftions whether we are fure that it alk
belongs to- the vegetable kingdem, eor whether:
there may net be fome fpecies that approach the
minemal, or, at leaft, are the link of conneétion be-
tween the two kingdoms, vegetable and mineral,
This is not impoffible, when we confider the
amazing diverfity in this clafs of beings, and
how: little its fpecies are hitherto known, efpe-
cially if we confider that foffils approach themr
Wy ‘occupying the loweft rank in the order of ve-
getables..

Befides the mould deferibed,, 1 have mot ne--
- gle@ed to. throw a glance on many different fpe~
cies, and in all I muft acknowledge,. that charac~
teriftics, fufficiently decifive, have been found to-
judge thiem real vegetables. But the various
kinds obferved by me are very few,. cempared.
with the immenfe number yet remaining.to be
examined-; for there is almoft ne fubftance,
animal or vegetable, which in certain circumftan.-
ces is not liable to mould. Thefe who attach.
themfelves to this branch of micrefcopic botany
will have fufficient ufeful praétiee, and 'perhaps.
may fucceed in difcovering the link conneding.
vegetables with minerals, which will render phi-
lofophy a moft important fervice.. For my own.

part, I thall be content if, among other things, §
' . have
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have refolved the queftion concerning the rea]

_origin of the moft common mould. The fubje&
has not before been completely difcuffed ; and
it has led fome perfons into the ancient and dan-
gerous error of fpontaneous generation.
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ARTICLE L——ANATOMICAL DESCRIPTION OF
THE HEAD OF THE SNAIL.

T'ear the fearned and curious reader may the
more readily be convinced of this admirable re-
produétion, it will be moft ufeful to demonftrate,
that the parts compofing the new regenerated head
are not in the leaft refpe&t different from thofe of
the old one cut off. But we are unable to ac-
. complifh this, until with the aid of anatomy, we
became acquainted with the parts conftituting the

: head
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head of the fnail, which are much more nu«
meroits and complicated " than at firft fight could
be credited. (1).

When one of thefe tepnles (2) extends as far
as poffible from the fhell, it exhibits the whole
neck and head. From the anterior part of the
latter proceed the four horns, that is, the two
larger above and the two fmaller below. When
completely elongated, each terminates in a glo-
bule ; but in the larger is a black point, gener-
ally thought to be the eye. Immediately below
the fmaller borns, the lips appear; and when
they open, while the animal feeds, the teeth are
feen. All thefe parts, as well as the neck, are
.covered with minute glandular granuli, fomewhat
fimilar to thofe of a ftrawberry, or like jbagreen.
But this fhagreen on the horns and lips is finer

than

(1) This Metnoir is extratted from my work on Ani-
tmal Reproduttions, which would have been publifhed be-
fore now, if fome engravings eflentially neceffary for un-
derﬁand.mg it had been completed.

' (2) The Linnean gentlemen will pa.rdon mie for not
belng difpofed to clafs fnails with worms, as their refpec-
table mafter does. This is not the place t¢ fhew how
little that opinion correfponds with nature. Tt will more
properly fall within the limits of my work, when com-
plete, where, among other things, will be a difcuflion
whether the modern theorifts and nomenelaiors have beotn
the molt ufeful to natural piftory.
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than on the head and neck: - The under part of
the fnail is not fhagreened ; on the contrary, it
is very fmooth ‘and flippery. Some naturalifts
~ call it the foot, 'and not improperly, from fup-
porting the animal in its progreffion, This is al
that the eye can perceive: we are obliged to ufg
the fcalpel for penetrating the interior of the
head, which is the obje& of our refearch. A
fnail cannot be diffected alive ; however much
it is extended, it contrats entirely at the flighteft
touch, and, retiring precipitately into its dwel-
ling, lies in concealment there, On breaking
the fhell for examination, the head and horns
are found retra&ted in fuch a mapner within the
body, as renders. it extremely difficult to make
obfervations on them conveniently. The eafieft
method to follow is that propofed by the great
Swammerdam, in his excellent treatife on fnails,
which is killing them flowly in water : then they
almoft always remain with the head and neck ex-
tended from the fhell, and the horns protruded. In
_fuch an advantageous fituation, when thg fkin of
the head is longitudinally divided with fine fharp
fciflars, .there immediately appears the brain dj-
vided into two lobes; from the under part of
which originates the medulla oblongata, and from
above, the nerves: four are ipferted in the four
horns, and extend to the extremities ; thc_othér
fix diyarigate to different parts of the body, as

the
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ghe mufcles of the fkin, the mouth, throat, md
palate. ' .

As far as  know, Swammendam was the firft
who obferved that the brain of the fnail & move-
able, and that its mobility arifes from fome muf-
icles to which it is attached. By means of thefe
it is drawn towards the fore part of the head, or
is extended, according to the different motions
of the body. When the animal ftretches con-
fiderably from its fhell, the brain is commonly
fituated above the cefophagus.

It has already been obferved, that the black
point at the extremity of the horns is commonly
thought the eye ; and fuch an opinion feems very -
reafonable. Indeed the fingular ability of the
often named Dutch naturalift, and the affiftance
of powerful magnifiers, was able to difcover the
principal parts that charatterize the organ of vi-
~ fion; the uvea, the three humours, and the

arachnoid, invefting the chryftalline lens. 1
have fucceeded in fufficiently diftinguithing ail
, thefe parts, except the aqueous and vitreous hu-
mours, which it has never been in my power ta
“difcern clearly ; but this I rather afcribe to my
inability in examinations fo minute, -than to the
non-exiftence of the parts. Of the four nerves,
* proceeding fram the brain” to the hormns," two,
which we fhall denominate the gptic, are attachéd
g0 the eyes, and enlarge into a kind of gourd or
T rather
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rather pear-fhaped figure below. Thefe nerves
Have muicles, by whole a&tion, at the animal's
pleafure, both large and fmall horns are retratted
and concealed in the body; and the eyes, by
this means, are alfo concealed, to be fecure from
external injury.

‘On removing the brain, the cefophagus is dif-
covered, which i membranaceous, and furrowed
‘by the fineft longitudinal ridges of livid ath co-
Jour. The fides are extremely fmooth; and it
. contra@s as it graduvally approaches the mouth,
This opening, by which the fnail feeds, is pro.
vided above with a palate and a callous jaw, to
which is firmly fixed a tooth of a corneous fub-.
-Rance, chefnut coloured and fhaped like a crel-

cent, terminated by fome fharp prominent points, -

~

which form, in‘a certain manner, fo many moft mi.

nute teeth, though, properly fpeaking, the animal
has only one ; and this is therefore the fnail’s only
tooth. In the lower part of the mouth is the
tongue, provided with a fmall kind of corneous
fubftance at the extremity ; and the root is fixed
in a hollow femicircular cartilage. Thefe are the

chief parts of the head, omitting a number of -

mufcles moving them : and as the defcription of

thefe does not feem important, I fhall negle®

it altogether, without committing any fault by
the omiffion. :

ARTICLE



#24 ANIMAL REPRODUCTIONS.

ARTICLE Il.~~REPRODUCTION 61’ THE HORNS,
: OR ANTENNZE.

WaeN I firlt difcovered that fnails regenerated
the horns and fevered head, feveral philofophers
enquired what motives or reafons induced me to
fuppofe thefe parts could be reproduced : and it
is not improbable that the fame queftion may oc-
cur to fome of my learned readers, to whom I
_fhall briefly anfwer, as I have hitherto done.
Previous to engaging with the reprodu&ions of
fnails, I was employed with thofe of earth worms,
concerning which there is a chapter in my Pro-

‘dromo fopra le Reproduzioni Animaliy and often
- had occafion to obferve how much the reproduc-
tion was promoted, when prote&ed from the in-
juries of the open air, by remaining covered in
___moift earth or dung. This very fimple remark
recalled to my memory the ftate of fnails muti-
lated in certain parts of the body. I had feen
them fhut themfelves up within their portable
dwellings, clofing the mouth with that vifcous
fubftance which exuydes from the body, fo that
~the air could with the greateft difficulty get ac-
cefs. 1 then refleCted, that a mutjlated fnail, re-
tired within its thell, and fhut yp with the cover-
ing, was in a fimilar fituation to decapitated
Qarth worms depofited in moiftened earth. This -
Eoo . rendered
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rendered me defirous to examine whether the
fame would happen to fnails as to worms ; and
my experiments began with cutting off the horns,
which, every one knows, are an appurtenance of
the head.

That the feftion of the horns ‘may be .com-
plete, it is material they fhould be fully pro-
truded from the head, which enfues when the
“fnail ftretches confiderably from its thell; the
whole four then being extended, they may be
cut out by the root. If two" are divided,—the
larger for inftance, the fmaller are inftantly re-
tra&ted within the head, and the fnail partly with-
draws into its thell ; but, in general, it foon ap-
pears, difplaying the fmaller horns. Hence, the
experimentalift may cut off all four one by one,
if he chufes. ‘Though the animal is fo mutilated,
the head and neck are frequently protruded from
the fhell the fame as when untouched.

A drop, and fometimes 2 little ftream of tran{-
parent fluid, tending on cerulean colour, pro-
ceeds from the part where the fciffars divide the
horns : this arifes from the rupture of the glan-
dular fubftances. In examining the head, now
deprived of horns, we difcover four pointed
. trunks ; the points being occafioned by corruga-
tion and contra&tion of the root of the horm,
-avhere it has been cut. . If we turn to the fepax;-
ated horns, which adhere to the {ciffars, we obferve
© Vor. IL P - that,
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that, immediately after divifion, they fwell, be-
- caufe they become cpnfiderably fhorter. The{kin,
where divided, either corrugates fo much that the
- plane of feion is imperceptible, or it enlarges
to cover the optic nerve and mufcles moving the
-horns.- The black eye continues vifible at the
- extremity of the larger horns, after divifion ;
{ometimes, however, it difappears not, but it re-
mains in the feparated horn: it is retralted and
* buried within, as diffetion proves.
The parts of feveral animals, we know, con-
- tinue to move and live after feparation, for a
- given time. Such is the cafe with fcolopendre,
- earth and water worms, cut in pieces; but par-
~ -ticularly, " the -tails of lizards and water newts,
' which, for fome time, will move, bend, and lea.p~
. about, though cut into feveral parts. But quite
. the reverfe enfues with an immenfe number of
animals, fo that the members, whenever feparated
- from the body, lofe all femblance of life and mo-
- tion. . Snails are akin to thefe. Scarcely are the
horns cut off when they become motionlefs, or
are only flightly convulfed for a few feconds.
No fymptoms of life are afterwards evident, when
ftimulated with a point.
If the mutilated fnails are examined in twenty
. or twenty-five days, it is not uncommon to find
- the rudiments of a reproducing horn. But this
%zprodq&ion is very different from that obferved
: in
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An other animals : and here’is one of .thofe.ufeful
Alluftrations which teach us to diftruft analogi-
.cal reafoning. .The famous Reaumur firft thew-
.ed, that the principle of reproduétion, in the
limbs of the frefh water cray fith, began with a
little cone.in the centre of the trunk, whofe bafe
was infinitely fmaller than that of the trunk, and,
by the procefs of time.alone, became equal to it.
A fimilar,phenomenon has been obferved by the
.«celebrated Bonnet, in his earth and freth.water
worms. The fame appearances have beenh ex-
‘hibited to me by the tadpoles'of frogs, ‘and by
water newts, in reproducing the tail and limbs (1).
The rays of fea ftars, whether cafually deftroyed
by the bite of an animal, or cut off by men, pro-
trude a little .cone.or tongue from the middle of
the trunk, which is the expanding germ of the
defeCtive portion. And, in my voyage in the
Mediterranean, during fummer 1781; I faw fe-
veral ftars, that had loft the rays, budding thefe
.cones of different fizes; particularly, the afferias
rubens of Linnzeus ; feveral of which:1 preferve in
the great Mufeum of Natural Hiftory, ‘in the
Univerfity of Pavia. But the truncated ‘horn' of
.a fnail does not advance in this‘ manner. - The
_trunk itfelf rounds.into a little button of *a bluith
colour, which becomes. larger -and thie . colonr
darker ; and at the fummit, if we fpeak of +the
o 4 P2 : larger
. (1) Prodromo. Citat.
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larger horns, is a prominent black point, which
is the eye. ‘The reproduced part continues ex-
tending, and, in a fhort time, the new horn equals
in fize its unmutilated fellow. In the fame man-
ner are the fmall horns reproduced. 4
~ Ifa half, third, or fourth part is cut off, in-
ftead of the whole horn, as has hitherto been
fuppofed, reproduction equally takes place, in
the like circumftances as we have mentioned.
This is the more common courfe of nature in re-
producing horns : fometimes, however, the trunk
becomes long and pointed, inftead of round. The
point in time enlarges, and forms into a globule;;
the reft proceeds on as already related.
. The fnail makes the fame ufe of the new horns
as it did of the old, whether by protruding them
from the head, extending, contraéting, or conceal-
_ing them, or by difplaying their acute and lively
fenfibility ; fo that, on the moft gentle touch,
they are fuddenly withdrawn and put in fafety.
All thefe fa&ts feemed to affure me, that the
number of parts, conftituting the divided part,
" would be exadtly the fame in the portion regen-
erated. But, withing to afcertain the truth by the
moft minute anatomical examination, with a very
fine iron inftrument, I laid open feveral repro-
duced horns’; however, I could not difcover the
fmalleft difference between the new and the old.
The fame fkin, externally fhagreened and within
full

i
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full of glandules, appeared; the fame mufcles
moving the horns ; the fame nerves proceeding
to their extremities, and there enlarging into an
oval bulb ; in fhort, the fame parts compofing
the eye : therefore it would have been impoffi-
ble to diftinguith the new horns from the old, if
I had not witnefled their origin and increafe, and
if a flight contrattion of the fkin had not fome-
times remained at the place from whence they
. began to thoot, or a little proje&ting eminence
which marked the precife fpot where the new
horn had originated.

A fufficient degree of heat is effential to the
fuccefs of this reprodution. Temperate is not
enough; and ‘the heat muft be at leaft 61°.
Therefore, in Lombardy, and different parts of
Italy, the experiment fhould be commenced im
the beginning of fpring. What I fay of heat,
refpedting reparation of the horns, alfo applies to
the head, of which I am about to treat. As the
fummer then approaches, the horns are ‘quickly
repaired. ‘With regard to the time requifite for
complete reproduétion, _two months in general
fuffice for whatever part of the horns is to be re-
generated "It may alfo be remarked, that al-
though the reprodu®ion feldom fails, I have
fometimes been unable to obtain it, notwith-
flanding the mutilated fnails were. kept whole
years. '

P3 : ARTICLE
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“ARTICLE Ill.~~HALF THE HEAD REPRODUCEDs-

We have feen that the conftitwent parts of the
fnail’s head are a fhagreen fkin, two lips and two-
-mandibles, with a lunar tooth fixed in the upper
one:. the tongue inferted into a femilunar cartis-
Jlage, part of an cefophagus;. the brain divided in--
‘to two lobes, and fending forth-ten nerves, befides -
four horns of different fizes, Thefe prattical re--
marks, however, are fufficient to afcertain that our
experiments, on the decapitation of thefe rep.
-tiles, have been correétly executed.. If: all the
-various parts formed a head fimilar to that of
moft infets, I mean of a globular figure, or were
- comprehended in a part eafily diftinguithed from
the reft of the.animal, one could at once fee where
it began and ended ; confequently, the: exa place
.where the fciffars or knife ought to be applied
would be known without any hazard of error.
-But the head of ‘fnails is otherwife conftruted :
awhen out of the fhell, the. body, if we omit the
horns, is a rude figure of a-cone, of lefs. diameter
before, and of greater behind, wheré confined by
the opening of* the fhell. - It is a certain fa& the
“head exifts in the anterior part of. the.cone, but
the difficulty. confifts in afcertaining the precife
,portion which it occupies, that we may be fure
how'much it is fafe to cut 6ff. To acknowledge
“the truth, no abfolutg rule can be given, on ac-
count
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bount of the continual extenfion and conttation,
the fwelling and diminithing of the cone when
the fnail is in motien. I have commenly found;
that the head extends from the obtufe extremity
of the cone to about 2 line beyond the larger
horns, when the fnail ftretches to the utmoft
from the fhell, dnd there the feCtion may be
made fo as fecurely to take away no more than
the head: But if thefe limits be pafled, fo as to
cut off fome part of the body along with "the
head, then we are almoft certain of the animal’s

death. ;

The fnails on which my expenments have
been made with the greateft fuccefs are of three
fpecies; the Helix pomatia, nemoralis, and luco-
rumy to avail myfelf of the appellations of the
nomenclator, Linnzus. Several of one fpecies
are defigned, Plate 6. Fig. 1. The fnail in its
* fhell, but preparing to come out. - Fig, 2. It be-
gins to difplay the head and horns. Fig. 3. The
horns fully extended; the fnail feen from be-
low. Fig. 4. The fnail as far out of the thell as
pofible. Fig. 5. A portion of the cone com-
prehendmg the head only, which, for better illuf-
tration, is reprefented fevered from the neck.

Fig. 6., The decapitated fnail : four points ap-
pear on the trunk denoting the fite of the four

horns. »
P4 . Aftcx_
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"Having obtained reproduéion of the horns,
it occurred to me to examine what would en-
fue on fevering the head; but apprehenfive that
the fnails would die before repairing the whole,
.my experiments were begun with truncating a
part only, which was that free of the larger horns;
and comprehending the lips, the mandible, and
tooth, the tongue and the two leffer horns, be-
fides the mufcular involucra or integuments.
This postion I fhall hereafter call the Aalf cut
bead, for the fake of brevity, fig. 4. a. e. That the
divifion may be propesly completed,, it is requi-
fite for the fnail to be fully extended, and the
part then cut clean off with fciffars, making the
feQtion perpendicular te the axis of the cone.
But the operation has not -uniformly fucceeded
according to my defire. The head of the fnail,
as already obferved, is extremely fenfible, and
fcarcely is the touch felt, when it fuddenly con-
tralts and retires : or, if it is extended, it turns
about in various dire¢tions. Thence the fe&ion
often fails of fuccefs, if it is made obliquely, and
the half head is not exaltly fevered. But as I
judged it of the utmoft importance, to the accu-
racy of the experiment, to learn what parts only
were cut off, that it might be known whether the
whele would afterwards be reproduced, fhould
fuch a reprodution a&ually exift in nature, I
impofed a labour on myfelf, which I had not

- done
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done in my experiments on the reproductions of
other "animals ; and this was an anatomical exa-
mination of every half head, immediately on fepa-
ration, I put the decapitated fnails into fo many
fmall veflels, each numbered the fame as in my
journal, along with a brief anatomical defeription
of the parts of each divided head. Thus there -
was no danger of miftake in my experiments ;

and I could alfo learn whether the parts repaired

correfponded perfely in figure and fize to the

parts cut off. After thefe remarks, which it is

proper to make, we may pafs to the narraﬂve of
the refults.

Immediately after amputation, the fnail renres
with the greateft precipitation, to conceal itfelf in
the fhell ; and frequently, in the a& of retiring,
emits a gentle hifing, which arifes from the dif-
ficulty which the air finds in efcaping from the
refpiratory canal, that being in fome meafure
contra&ted by the fudden contraétion-of:the body.
Notwithltanding this enormous wound, the fail
fometimes foon afterwards comes out, and begins
to crawl about in the fame manner as when un-
touched. A fnail having loft half the head, and
then proceeding from the fhell, is. defigned, Fig,
7. The two points rs mark the fituation of
the fmall horns; The large are lefs than ufual,
becaufe not fully extended. -But the reverfe ge-
nerally. happem. However, there is a very eafy -

method
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method of forcing the fnail out for the purpofe of
viewing and examining the wounds, which is;
breaking a little of the fhell behind with repeat-
ed gentle ftrokes of a key or the handle of a
knife : the fnail, irritated by the blows, appears
in whatever degree of reproduction the head
thould be. To avoid ufelefs repetition, I fhall
here obferve, that fuch expedients have prevailed
whenever the fnail refufed to appear, and gave
me an opportunity of feeing the cut if lately
made, or, indeed, the rudiments and progrefs of
~ the reproducing heads. When the portion is cut
off, fome of that liquid, which in fnails fupplies
the place of blood, efcapes : it foon ftems, becaufe
the trunk immediately begins to corrugate and
diminith, fo as almoft to difappear ; andin its
place is obferved a f{light incavation, where no
marks of the cut are vifible. The fnails thus
decapitated for the moft part fix to the veflels
containing them : they conceal themfelves in
their habitations, covering the mouth with theif
whitith: operculum, produced by the tenacious
matter which exudes from the body, and there:
they remmain. motionlefs for many weeks, or even
for complete months, . ' .
“When forced to.come out, in thu-ry or- forty
days, the naked trunks of fome: appear without

any marks of reprodudion, but others, if the-

wemher ‘has been warm, exhibit’ z- flefby globule-
. towards
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fewards the middle of the trunk, very foft, and
of a whitith ath colour, in which there is no or-
ganization, either without or within. However,
~ in eight or ten days more, organization is fenfible
in the globe, then become much larger. The rudi-
ments of the lips are evident, as alfo thofe of the
fmall horns, the meuth, and tongue, and a mem-
branaceous dark coloured fubftance, which, from
being fixed in the upper jaw, and  cutting
through, fhews it te be the regenerating tooth of
the fnail. Thefe parts develepe further, and
grow more confpicuous:; they fucceffively occu-
py greater fpace in the trunk; and, in two or
three months at meft, the divided head is repair-
ed in fuch a manner, that, unlefs from the lighter
colour, it is not diftinguifhable from the old one:
This, befides external infpection, is demonftrated
by anatomy. When the new head is laid open,
the fame parts are feen, cerrefponding in num-
ber, figure, and fize, to. thofe pre-exifting in the
old, which were fcrupuloufly enumerated in- my
journal of each decollation.  I.cannot convey a
more fenfible idea of this reprodution to myrea.-
ders, than by comparing it to an.unexpanded:
flower. Confidering the rudiments, they -are -3+
bud or little globe, confifting of membranes,. fo
involved and aggregated among themfelves, that
we cannot difcover the figure of the leaves or pe-.
tals, as they may be called. Thefe petals gra-
dually
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. dually come into view, at firft obfcurely and con.

~ fufedly, then fo diftin&tly and evident, that every
one may recognife them as the bud of a flower.
In this manner does the involution of the ex-
panding parts become vxﬁble in a real regenerat-
ed head.

This complete reprodu&xon is very far from
fucceeding in all fnails. Two moft minute glo-
bules often proceed from: the trunk, in one of
which are the rudiments of the fmaller horns:
the other comprehends the rudiments of -the lips,
the mouth, tooth, and tongue. In procefs of
timre, thefe globules are united together, forming
ene only, and, by further unfolding, conftitute the
half head. It is not unufual, that one of the
~ two reproduced horns never attains the natu-
ral length, or is diftorted, or that one lip is fmal-
ler than the other, or even that the new head is
quite inclined to one fide, or a hollow or con-
traction between the new and the old, or, in
fhort, that the head is not repaired at all ; and af-
ter fix months, may, after a whole year, the nak-
ed trunk ' alone -appears, when the fnail comes
forth.. When the eut is - perpendicular to the
axis of the cone, I have almoft uniformly ob-
ferved, that reproduétion has perfet fuccefs, and
that monfirefity and fuch anomalous produc-
“tions: frequently happen when the cut is oblique,

. oo and

-

4
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and the bluntnefs of the fciffars prevents the
head frem being at once divided. o

1 half decapitated three hundred and twenty
two fnails at different times: the heads of one
hundred and twenty fix were eompletely Tepair-
ed. Thirty one had different. degrees of mon-
ftrofity or deformity. Fourteen had no repro-
dudion, and the remainder perithed (1). Thus
I have learned, that cutting off only half of the
head was fatal to moft fnails. Al thofe that re-
paired the wanting portion, made the fame ufe
of it as.of the old, as well in the numerous and
ﬁngular motians peculiar to this part, as in tak-
ing the fuftaining aliment, fuch as bread, lettuce,
and the like ; by which means, from being very
‘much emaciated before reproducing the head,
they acquired their original flefhy fullnefs,

ARTICLE 1V.~—REPRODUCTION OF THE HEAD.

In the former fection, we have feen that the
complete head of the fnail extended about a line
beyond the large horns. In this new courfe of
experiments, I determined to feparate the head
“entire, and endeavoured to make the cut exaétly

mn

(1) I difcovered that half, as well as the whole head,
would be reproduced during fpring and fummer 1766.
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an that place, and perpendicular to the flefhy
cone formed by the head and neck. But the
Jame difficulties are found here, as in amputating
half the head. Thus the motion of the animals
prevented the cut from always being made in the
place intended. It has often failed, -either from
defe& by feparating lefs than the whole head, or
from excefs, by feparating more. Therefore,
that proper accuracy might be obferved at every
" decapitation, I undertook the fame anatomical
examinations as before: the fnails were preferv-
ed in veflels appropriated far the purpofe, as alfo
an.exa& account of the parts they had loft by
amputation. Four hundred and twenty three
were decapitated.

All thofe that, along with the head, had loft part
of the neck, perithed ; nor is this furprifing, con.
fidering that a portion of the organs of genera-
tion was likewife taken away. Thefe organs
originate within, in one fide of the neck, and
protrude by an opening when the animal copu-
lates. A number mutilated .of the whole head
perithed ; but moft of them furvived this im-
menfe wound, and many completely reproduc-
ed the head. But as reprodultion was attend-
" ed by different circumftances, in various indivi-
duals, and all worthy of being known, it fhould
be defcribed in a more particular manner.

- If alimb is cut off a water newt, the head or
4ail from an earth worm, the reproduction thas
' enfues
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enfues is an organized whole, that is, a limb, a
head, or a tail, in miniature, perfeétly fimilar to
the fevered one, and only requiring to be farther
unfolded. On the contrary, no orginized whole,
comprehending all the parts of the fevered head,
appears on the trunk of a decapitated fnail, but
thefe parts are frequently feparate from the be-
ginning. Thus, fome frequently expand after
others ; and only in a certain fpace are they all
conneéted together, confoiidated, and forming an
.organic whole, different in little or nothing from
the old head. The fubje&t will be more eafily.
underftood by examples.

Sometimes the incipient reprodution is a
flefhy protuberance, adhering to the middle of
the trunk by feveral points, and in a manner de-
tached from it, which contains the rudiments of
the two lips, the fmaller horns, the mouth,
tongue, and tooth, already repaired. The other
‘parts, fuch as the larger horns and the reft of
the head, are wanting altogether. The trunk
of another fnail will exhibit a large horn, already
provided with its eye, and below,*in a diftant
ifolated part, are obferved the firft lineaments of
the lips. In others, the reproduétion is a groupe
of three horns, two already of their natural fize,
and the third only a bit of fkin. At firft, fome
produce only a protuberance, which, by atten.
‘ o tive
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tive examination, is. dilcovared to- be the lips in-
volved and confined together.. Seme are al-
ready provided with a-head complete, all except
one or two horns.  Laftly, the trunk will exhi-
bit enly the two large horns, or the fmall ; or one
large and one fmall.

But all thefe partial reproductions, and others
that afterwards appear, join together in procefs
of time, and by their union form a fingle repro-
du&ion, which is the head, and this, in many

R inails, is not in the fmalleft degree different from

the old one; except in the lighter colour; by means
of which the leaft obfervant perfon can recognife
¢he portion reproduced. 'One that has complete-

Iy repaired the head is reprefented, fig. 8. It has

not yet acquired the dark natural colour. Fig.

‘g. reprefents the fame, only this fnail has not yet

repaired the two large homns, - as fometimes hap-
pens. In a little more time, the new head acquires
the fame hue as the old, and the one tan be dif-
tinguithed from the other, only by an afh colour-
«ed line, perpendicular to the axis of the neck,
which faithfully indicates the place where the
blade has pafled in mutilating the fnail. This is
not conftantly a fimple line, fometimes it is a
deep hollow, almoft always of a whitith colour,

- perpendicular to the neck, if the cut has been

perpendicular and obligue, if the cit has been
%.. In the latter cafe, the incavation is frequent-
ly
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ly greater where moft part of the head has been
cut off : and, in fome fnails, an enormous wound
appears on one fide, though nothing is vifible on
the other, or only the afh-coloured line. And -
although length of time effaces the incavation,
ftill the indication of the cut, that is, the line,
will fometimes remain two years : nay, even after
{o long an interval, the head is not always com-
plete, for it may want one or more horns; or
thefe, at leaft the whole; have not attained the
proper fize, or are gibbous and monftrous. Such
monftrofity having frequently oceurred, I am in-
clined to fufpet that it originates from the ob-
liquity of the cut, or from being more or lefs
advanced on the neck. ‘

The moft indubitable proof of regeneration
feemed to be when the heads began to feed.
However; I was defirous of convincing myfelf by
the infallible affiftance of anatomy, which has al-
ways demontftrated that the new heads, which
externally feemed to be completely reproduced,
were provided with all the conftituent parts that
I had found in the old heads, which, in each de-
capitation, had been enumerated to aveid doubts
and errors. I may add further, that each new
part united, and fo exactly applied its moft fubtile
fibres to the old, that we fhould never have
‘known the fnails were mutilated, had it not been
~ Vor. IL Q. indicated
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indicated by the afh-coloured line furrounding
the neck. .

Here I fhould not negle& to obferve, that, in-
the fame manner as fome fnails, deprived of half.
the head, never reproduced even in the longeft.

e time, the like has equally happened to feveral of.

thofe totally decapitated. Indeed, of four hun-
dred and twenty-three mutilated in this way,
thirty-two did not evince the fmalleft rudiments
of reproduétion in a year ; ninety-three could not
reproduce better :. the heads of one hundred.
and forty-five were regenerated with monftrofi--
ties ; and the remainder died. Reprodu@ion ef
the whole head requires nearly the fame time as
that of the half.

"Should I be afked, why there is no reprodue-
tion, either of the head or horns, in different.
fnails ? I fhall ingenuoufly confefs myfelf unable-
to advance any thing concerning it but fimple.
conjeCtures. As the reproducing and unrepro-
ducing fnails are both of the fame fpeaes, we.
cannot fay that fome of them have the } property.
and others, have it not. I fhould rather fuppofe,.
that the reprodutive virtue cannot take effe&.
from the difeafed ftate of the fnails ; having uni:
_ formly obferved, that, beﬁdes their moft remark--

able emaciation, the exterior affumes a yellowxﬂ.\
"hue, which feems the infeparable concomitant of

fails affeted by difeafe, and liable to perifh. .
After:
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After obtalmng reprodu&xon of the head, it
Was very natural to think 'that fnails would re-
generate other parts lefs eflential ; fuch as, the
eminent collar which furrounds and ornaments
the back of the animal, when out of the fhell;.
and the flat broad foot by which it is fupported
during its motion. Thefe two parts, when cut
off, were repaired in the beft poffible manner;
nature reproducing much or little, according as
lt Had been cut away:

" Uniting, in one point of view, what we have
hitherto faid of the reproductions of fnails, it
clearly appears, 1. That they can repair the
horns, Wwhether partially or wholly amputated j,
2. The head, when half is cut off ; 3. That itis as
completely reproduced, though the whole has been
fevered ; 4. Whatever part of the collar or foot
is cut off, it is regenerated: From which it is
evident, that thefe reptiles recover precifely the
parts that they have loft. This is not peculiar tp
them, for it takes place in othier reproducing ani-
mals. If a newt wants a third or fourth of the
tail, only a third or a fourth is reproduced ; and
the fame may be faid of one half, or the whole
tail. A fimilar phenomenon fucceeds in the fore
and hind legs of this amphibious animal (1).
‘Reprodudtion of the parts wanting only, extends
invariably to worms, as alfo to frogs, while yet

Q. 2 tadpoles.

(1) Prodromo eitat..



244 ANIMAL KEPRODUCTIONS.

tadpoles.  Befides, on confulting the authors '
that have treated of animal reprodutions, I find
" that the fame unalterable laws have been obferv-~
ed ; whence we may eftablith this ‘general rule,
if fome anomalies are excepted, In animals, en-.
dowed with a reproductive property, nature refiores
no more than the parts.or organs of which they have
been deprived..

ARTICLE V.~FACTS RELATIVE TO THE REPRO-
DUCTION OF THE HEAD:- OF SNAILS.

" Tuis Memoir fhall be terminated with fome:
new experiments, which I hope will not be difa-
greeable to the reader, as they will elucidate
this interefting fubjet. Hitherto three fpecies
of fnails have been mentioned, the pomatia, nemo-
ralis, and fucorum. But are thefe the only fnails
enjoying reprodultive powers ? The experiments
of foreign naturalifts demonftrate that other fpe-
cies participate the fame privilege. Yet I muft ac-
knowledge, that my experiments on others have
alinoft always been void of fuccefs, for they have
either not repaired the head or horns, or only ex-
hibited: the firft rudiments of reprodution; which-
terminated with the death of the animal.

" But whence does it arife that fome fpecies of
fnails have the faculty of reprodudtion, and
others have not? Should fuch a queftion oc-
eur, Imuft candidly confefs,, that 1 have had not

fufficient
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" -fufficient materials to explain it. Was the orga-
-nic ftruture of the reproducing fhails very differ-
-<nt from thofe that do not reproduce, fome rea-
{on might be affigned for it-; or, to fpeak more
‘philofophically, was there amy difparity between
them. However, no fuch thing 'was found, at leaft
by me, with any certainty, among the various fpe- .
«cies of fnails that either fucceeded or did not fuc-
ceed in reproducing. '

This unifermity of organization in Inails fpecifi-
«cally different, which at the fame produces oppo-
fite refults, as reproducing and not reproducing,
4s a ufeful leffon that we cannot avail ourfelves of
analogy in reafoning from-one fpecies to another ;
but that truth may be attained, we are under the
neceflity of undertaking as many experiments as
there are animals fpecifically different ; and the
force of this conclufion, fo humiliating to us, is
more plain and evident, by throwing a tranfient
glance on the various animals which naturalifts
have at different times difcovered to be endowed
with a reprodutive virtue. .

When the immortal Trembley firft difplayed
the pradigies of the polypus to the philofophical

- world, it was thought that the very fimple ftruc-
ture of the animal chiefly contributed to effett
them. Indeed, the polypus being deflitute of a
keart, veins, and arteries, and, confequently, of
the real circulation of fluids ; neither brain, fpi-

Q3 " nal
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nal marrow, or nerves, nor any other conconils
tant of thefe parts, which are met with in an infi.
nity of animals, being foynd in it ; but the whole
appearing of a gelatinous and homogenecus fub-

ftance, univerfally covered with a number of gra, -
nules ; all this, I fay, excited belief, that the fim-
plicity of ftructure concurred in markng the por-
tion cut from the polypus become an entire poly-
pus. Thus it was thought, before the Genevefe
philofopher’s difcovery, that the wonderful
phenomena, afterwards feen in polypi, fucceeded
in plants from their very fimple ftructure. And
the reproduétion of parts loft by other animated
beings of fimple ftruture, as fea nettles, fea ftars,
and I may alfo add, crayfith, favoured the opi-
nion. But it having afterwards been found, that
certain frefh water worms, though much more
compound than polypi, when cut in pieces, would
become fo many complete worms, it was de-
monftrated, that ﬁmplicity of organization wag
pot a condition requifite for the reprodu&ion of
wanting parts (1). Befides, this is verified in the
. cleareft manner by earth worms, fince Reaumur
has found that, cut in pieces, they multiply like
plants, which is a ‘phyfiological fact that fome
naturalifts have denied, but it will be put beyond
all queftion in my Riproduzioni Animali. When

7 (1) Bonnet Traité d’Infectologic,
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" ¢1 ndme the earth worm, I {pesk of an animated
+being whafe erganization is a thoufand -times
.-Joore, complicated - than that of the polypus, from
-finding the cireulation of blood, and, confequent-

.4y, arterial and venous veflels in it : an alimenta-

_.xy canal, {pinal mayrow and nerves, and the
~union of twe fexes, as.it-is an hermaphrodite. Of
sthe fame camplicated ftruQure is my freth water
-hoat worm ; neverthelefs its reproductive facul-
+ty is not.inferior to that of the earth or freth wa-

ter worm (2).

Yet how much higher does the orgamc ftrue-
sture of fnails and newts place them in the animal
Acale? Let us omit the former, as enough has al-
:ready been faid of .them, and ftop a moment to
.confider the latter. Though naturalifts have pro-
-perly clafled the water newt.among amphibia, it
"is a real quadruped, as it poflefles in miniature
moft of the parts which quadrupeds have large.
‘A great number of thefe have the tail provided
awith offeous vertebree infinuated into each other,
ard fucceflively fmaller as the tail diminithes.

The tail of water newts is of the fame configura-
tion, and confifts of the fame offequs vertebrz :
it alfo has the foft {folid parts, fuch as the medul-
da longa, which traverfes each vertebra, and perfo-
zates the fmalleft: it has nerves, mufcles, veins, ar-

Q4 : teries,

.~ {2) Prodromo.

-
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teries, a heart, a numerous affemblage of glands )
containing that acrid milky fluid which exudes
through the fkin when the newt is irritated. Both
the fore and hind legs have nearly as many
foft folid parts, and hard folid parts or bones,
as thofe of quadrupeds, and almoft as we have
ourfelves.  Finally, as a rudely circular bone
furrounds and terminates the mandibles of our
amphibia, from which a little regular foreft of the
tharpeft teeth proje&ts, Who could have fuppo-
fed that this quadruped had the property of re-
producing fuch an aflemblage of parts fo different
among themfelves? But it is moft undoubted :
for, befides being the firft difcoverer myfelf, I
. have witnefled it repeatedly. Lofing the whole
four limbs at a blow is nothing to a newt, be-
caufe it can reproduce them all, and reproduce
them perfeétly. 1 have taken the trouble of
numbering the bones in thefe limbs, and found
them to be ninety-nine : and ninety-nine have
exifted in the four reproduced limbs when all
were amputated from the trunk. Nay, let the
four legs be completely cut off, and the whole
tail, as alfo the two mandibles ; the newt, in ad-
dition to reproducing the limbs, .will at the fame
‘time repair- the jaws and the tail. This fa&,
which has fo much the appearance of a paradox,
and at firft fight feems more fabulous than the
famous Lernean Hydra, I have repeatedly feen

. and
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and fhown to-many friends, to the great amaze.
ment of them all. The water newt is fo much
more the obje& of admiration, fince it never de-
. frauds the eager experimentalift of its multiplied
reproductions, which is otherwife with fnails, as
fome of them will not reproduce.

Behold the evident exiftence of reprodu&mn,
beginning with the polypus, proceeding to vari-
ous worms, then to fnails, and, laftly, to water
newts, that is, advancing from the moft fimple
animals to others lefs fimple, and from thefe to
fome whofe organic ftruture is more complicat-
ed ; and thereis no efential difference produced
by thc more ﬁmple or mere complex organiza-
tion.

Thefe fatts alfo prove, that the tendernefs or
delicacy of fibre is by no means a condition ne."
ceflary for animal reproduétion. How great is
the difference between the body of a polypus and
the tail or limbs of a water newt? But do not
both reproduce in the fame manner ? How ma-
ny fmall animals are there, as delicate as the po-
lypus, even much more fo, and as completely
aquatic, which, inftead of reproducing when cut
afunder, inevitably perifh ? as I have afcertamed
by numerous expenm.ents. :

However it is proper to remark, that of the
animals adapted by nature for reprodution, thofe
?rouded with the more tender fibre have a fin-

gular
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gular prerogative: over the reft. - In the firft
place,. the defeCtive limbs begin fooner o be re-
paired. A polypus, divided.into many . pieces, in
@ few hours begins to multiply into fo many
.other polypi ; an.earth or water worm requires 2
few days ; a fnail or newt, on the contrary, re-
«quires feveral weeks, before beginning to. repro-
duce. Secondly, reprodution is mueh foon-
er complete in the former. Only a few days
~“are neceffary for a polypus ; ‘worms require whole
aweeks ; the fnail muft have feveral months far
repairing its head ; and a year is not fufficient
for the new limbs of a newt to grow as large as
_he old. Thirdly, the fame animal, fo long as
young, and the fibre confequently: more tender
and pliant, will reproduce ¢he loft parts quicker.
This I have feen in newts, and alfa in fnails,
" which will repair the fovered head in fix weeka,
and much fooner, if young. Finally, reproduc-
tion is more tardy, as the natural foftaefs of the
animal decreafes. We have a ftriking “inftange
of this in frogs. If, while ftill tadpoles, but the
limbs beginning to appear, their limbs fhould be
amputated, by my own obfervations it is certaia
that they will be moft completely repaired. But
the fame will not fucceed when the tadpole has
affumed the figure of a frog: then it is never, or
almoft never, that the trunk puts forth a new
limb. Whence arifes fo great a difference in
the
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the farne Brabs of this amphibious animal 2 Shall
we fay, that this virtue, this reproduétive power,
which the anima) enjoyed while 2 tadpole, has
been loft by it becoming a frog? 3sif, by the
metamorphofis, it ceafed to be the fame animal, .
swhich is but an upphilofophical fentiment (1). 1
- find it more confiftent with truth, to fuppofe thé
reprodnudive. power continues in the frog; it is
emabled tq operate in the tadpole, by means of
the great tendernefs of fibre, but its altion is af-
terwards prevented from the {ycceeding indurs-
tion., Let us endeavour to elucidate this a little,
The frag, while a tadpole, never leaves the wa~
ter ; and it would perifh on attempting to do fo,
Only from time to time does it dart from the
bottom to the furface, and, for a moment,
puts up its mouth, to expel the air from its
lungs, and infpire what is frefh. The-trunks
of the amputated limbs then remain in a ftate of
the greatett foftnefs, being always immerfed in
water, and bathed by it in every point.  The
minute limb, yet a germ, will be able to perforate
the trunk, if this expreflion may be ufed, to come
out.and freely expand. But the fame thing will
aat happen, . when the frog has atained its full
and permanent fize. Then, as it generally re-
mains out of the water, or retreats thither only
when menaced by danger, the trunk will be fuby
jetk

(1) Diflertaz. de Fif. Animal. et Vegetab. T. 3.
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je& to the influence of the air: thus it will cicas
trife ; and the contradtien, occafioned by the ci-
catrice, will prevent the reproducing germ from
~ breaking through and expanding. The mutilations
. of fnails, hitherto mentioned, were for the moft
part performed when fpring was fomewhat ad-
vanced ; becaufe I had obferved, that no lefs
than 61° of heat was neceflary to obtain repro-
dution, which we generally have not in Lom-
‘bardy before that time; and if they are then
decapitated, it is certain that the fnails, at leaft
qany of them, will repair the head. But what
will enfue, if decollation is towards the middle
of September, or when the requifite heat does not
continue with us more than a month, on account
of the fupervening autumnal rains? I have in.
ftituted many experiments for elucidating this cu-
rious enquiry, and obtained the following refults :
{f the mutilated fnails were expofed to the heat
of a ftove, equal or furpafling the neceffary de-
gree, I was fure’of reproduction before the end
of winter. If kept in a fituation where, for fome
days, they might be expofed to the cold of freez-
ing, the greater part perithed. When the cold
was lefs, they retained the power of reproduc-
tion, which re-appeared in fpring ; and the head
“and horns, having begun to grow at the com-
mencement of winter, attained their full fize in
the fubfequent fpring. If decollated in the be-
' L ginning
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ginning of winter, and care taken that they did
not perith with cold, though without being kept
in a ftove, no reprodu&ive principle appeared on
the plane of the trunk ; but it became evident in
May, and advanced to perfeftion during the fum-~
mer months.

The fame mode of regeneration praftifed by
nature in the reprodutions of fnails fhe alfo
pradtifes in thofe of newts, of earth worms, and
water worms ; with one variation, however, that
thefe animals reproduce, though flowly, at the
temperate degree, which arifes either from the
great foftnefs of their fibre, or from fometlung
peculiar in their nature. :

When engaged with the reprodutions of
earth worms, it ftruck me to try whether the re-
produdtive power was exhaufted by the firft re-
produ&ion, and I found that it was not. Thus
. to the fecond reproduction fucceeded a third 3
and this being taken away, there came a fourth,
then a fifth, and fo on. If a portion of fuch fuc-
ceffive reproductions were cut off, the fecond re-
produ&ion entered the firft, and the third the fe- .
cond, &c. Thus I came to have a fcale of repro-
dudtions united to the old trunk, always younger,
fmaller, and the colour gradually lighter.

Thefe regenerations of reproduions equally
fucceeded in the tail of tadpoles, and, what is
more furprifing, in that of newts, and likewife |

their
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their hmbs, though the parts of thefe two menis
bers are fo different from each other; Therefore;
if the four limbs and tait of a newt, already re:
produced, are amputated, other four limbs and #
tail will regemerate a fecond time ; and this ex:
periment may be conhfiderably protra&ted. In:
deed, with young water newts, where the repro-
du&ions were prompt, 1 obtained fix fucceffive
reproduétions of the limbs and fix reproductions
of the tail during the months June, July, and
Auguft. In one of thefe animals, I counted fix
hundred and eighty-feven bones reproduced.

In confequence of thefe reproduétions in
earth worms, tadpoles, and newts, I' thought
of trying whether they would fucceed in fnails j
and, for that purpofe, mutilated feveral, fome
of the horns, and others of different portions
of the head, or- the whole; and I cut off
whatever parts were renewed, exally where
they joined the old trunk. The fecond repro-
du&ion did not fail to take place and fucceed in
the fame manner as the firft ; and this alfo haps
pened with a third reproduction ; but the death
of the fnails prevented me from extending thefe
surious experiments further.

Another fuggeftion occurred, befides this en:

"quiry, which was to inveftigate whether the re<
produétive powers could at laft be exhaufted, or
whether they would always fucceed; fo long as

the
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#hic animal lived. And the experiment might
Bave been begun on newts in preference, felecs
ting the youngeft, becaufe this amphibious ani~
mal is eafier mutilated than fnails, mare tenaci~
ous of life, and reproduces more readily ; but
bad not léifure for fuch. experiments, which, if
undértaken by any expert naturalift, will un-
doubtedly tend to utility, and may form a new
ehapter in phyfiology..

_In the whole courfe of this memoir, I have de
livered the refults of my experiments only, and
always fupprefled. the details. Had I related
thefe, it would have been a volume, not a me-
mxoir ; but I was defirous of inftru&ting the read-
er, without fafiguing him by long circumftantiat
narratives. I always hope to have obtained fuf-
ficient credit with.the public to merit belief. It

“gives me pleafure to obferve, that almoft the
wholé of. thefe refults are confirmed by diftin-
guithéd naturalifts, as will appear in a fecond:
memoir on the reprodu&ions of fnails, where an.
abftract fhall be given of the writings in my fa-
vour, and at the fame time, one of all thofe that
attempt tocontrovert them. "The confirmers, as far;«
as I know, are Meflrs Turgot, Lavoifier, Tenon,
Heriffant, Bonnet, Senebier, Schaeffer, Roos;
Muller, Scarella, Troilo, befides: three other
Italians, celebrated profeflors: of anatomy, who,
having recently repeated my experiments, and

found
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found them true, have been fo obliging as to
communicate their memoirs. The controverters
are Meflrs Murray, Wartel, Cotte, Bomare, A-
danfon, Schroeter, Argenville, Prefciani. In my
fecond treatife, I fhall likewife examine the va-
lue of the impugnations with philofophic impar-
tiality, and fhall not fail to give the merit of the
impugnators its full weight. I am very far from
fuppofing that my difcovery will form an epoch
in natural philofophy; it will rather form an
epoch in the hiftory of the human mind, to fee
how an experiment, fo certain, fo eafy as that s,
of obtaining the reproduction of the head of the
fnail, has deceived fuch a number of philofo-
phers,—and, what is more aftonithing, in an age
which feems to be that of obfervation and expe-
riment, if, on the other hand, it was not remark-
able that experiments are made by every one.
But the proper method of experiment has always
" been, and will always be, confined to very few.

MEMOIR

)
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MEMOIR IL

INTRODUCTION.

I gNow not whether in our days there has been
any natural phenomenon which, from novelty
and fingula:ity, has made as great a noife in the
phyfical world, has given birth to fo many expe-
riments, and altogether to refults fo various and
oppofite as the reproduction of the heads of
fnajls. Since the publication of my Prodromy,
and the tranflation of it into the French, Ger-
man, and Englith languages, it is incredible how
many of thefe reptiles have been decollated ; part.
- ly by feme whefe account of their experiments
firlt imparted to the world that they exifted ; part-

ly by ordinary naturalifts, or thefe of fome cele-
brity, but little lefs than unfkilled in experiment,

and partly by illuftrious natwralifts who, in the

art of experiment, epjoy a diftinguifhed reputa-

tion. How was it peffible that fo great a differ-

Vor. IL R ence
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my. cawfe-as thofe that are:adyerfe-to-it. But

it-fheuld be obfervedy that I thall enly fpeak of

the experiments both for.and againft, that have
appeared in print, or-which- unpublifhed - have

been communicated to.me by diftinguithed: natu« '
ralifts.  Altheugl there are other experiments
apy the fubjst, and thefe neither. few, - nor made
by mer. of gontemptible faimey I do net confider
them delorving .pf #epetision, beganfe they- have
not been acknowledged by theie authors, who,
furprifed at the fingularity of ;tl?ezfaﬁ,' had no ob:
jeék in view goodor bad,:but to make them, and
WERG md]ﬂ'erent abuqt xcemmmng them to-writi_
mg,ynych lefs:te rsnd,crihem,publw. Ll

T Ta

5‘4.
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“*To elicidaté the mattet, and preferve regula«
tity, it will be proper td divide the treatife into
three articles: The firft will enumerate thofe ex-
periments that controvert my difcovery ; the fe-
tond will comprehend thofe confirming it; and
the thitd will embrdce a few refletions that k
have efteemed applicable for removing doubt, and
placing ‘the truth in a clearer point of view.

ARTICLE I.—EXPERIMENTS ADVERSE TO THE
REPRODUCTION OF THE HEAD OF THR SNAIL. .

We may call the Avant Coureurya weekly pub-
fication i in Pafis, ‘the field of battle; where many
authors - have contended both for the reproduc-
tions of decapxtated fnails and againft them. The
ﬁrﬁ oppofmon was made in 1768. ¢ M. Wartel, '
¢ about the end of O&ober. 1767, decapitated
¢ many fnails, which fuddenly retired within their

¢ fhells. With great furprife he faw them iffue

¢ from their dwellings full of life, But without the
¢ head, in May 1768 He does not imagine that
< the reprodudtion_of the head is poffible : fince
¢ pone of his repalred it, -and fome dxd not even
¢ renew the horns.’ '

: Father Cotté repeated thefe expenments, as ap-
pea'rs from the fame jodrnal, May 176g. In June;
taking advantage of #'thower of rain; -he décapi
_ ‘R a» tated
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tated a- Aumber of fnails with a pair of fharp feif-
fars. "Four of twelve &

ly one.of the reftfurvive

yedr; but withewt the' it

prodution:’ ¥ the fun

othed twelve, 0 Gome, ‘W
-gergone the opération,’

eomplete ;- wherice he &

may o fuddenly reeagt

of the-fkin or-iritegumen

‘e¢ives the obferver.- Thefé; however, Fefs"alert,.
" and which really lofe thebéad ’ﬁe’ is fully con--

vinced never- repair it.. '

- He contihued decollatifig a prodagxouvs nhumber
of fnails- during 1770, 1771, 1772, 1773, and

 with-nearly the fame* confeqiencés. ' All died in:
time without: reprodueing the head. If the fcif-’
fars {eparated only the fkm or* homs, thefe parts:
were repaited. -~ -

- In the fame year,. 1769, M. Vaimont de Bo-
mare ' publified “his experiments in the Berne
Jourmal: ¢ Me repeated Sig. Spallanzani’s expe-
¢ riments alodg with*M. Berie.- ‘They have ob-
¢ fervedj that decapititted Inafleinmediately died,
¢ exhilifig aq mitolerable feetor. \ OF 52, only g/
¢ were alive in 24 Routs ; and none except thofe
“jnwhich the bluntnefs“of the knife' had made’
“the cut between the horns and parts of genera~
¢ ﬁeb, atid did not go ’through * The horns were

¢ fenfibly
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# fenfibly retraded when the fkin and upper jaw
* werecut off.: and the.animal, having.come out,
“ difplayed the mutilated;horns.} . =~ . ..

To thefe three maturalifts thould 4
..Argenvillc and G_chraetgt.; Wlth Topect o ue
former, I havenogbeen able to procure his work :
“but Mr Mugray. quotes it in.thefe words:: < Qf
# an hundred fnails, hardly.2 5 were alive the day
< after.decapitation.” The Germannaturalift de-
capitated feveral hundreds : .as they all died, he
thinks that he.is .authorifed to deny that thefe
yeptiles renew she head.: and never having had
ahe leaft part of the horns or tail repaired, he
equally denies ;the poﬂible .reprodu:&iomof “thefe
parts (1)

There are ftill hme authors who do,not «€n-
tirely controvert my. difcovery ; for they admit
xeprodu&tion of part of the head, but deny that
wof the whole. Thefe are Meflrs Murray, . Adan-
Jon, and Prefciani.  Murfay mutilated;two of: the
dpecies pomatia, fo that the head was fevered be-
hind the large’horns. One died in a week-: the
wother reproduced, thanghin minigture, far:it was
.only a fmall hosn, and as i in, defpite;ofnature-:
it was tharter:and sthicker. than yfua}, and want-
4ng the black point at the ex,tremity,‘ which, is
S Rg : «chgamanty

.r,\r[..‘,, T U Q“

(x) Verf. e. Sy&em -:abhandl. uber. d. Etdcpnchyliey.
Mm, 1772 ..
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From what he had feen, he declared his refolution
to preferve a middle courfe berween thofe who de~
nied the reproduétion of the ‘head, and thofe who
admitted it. ‘ ' )
. Somewhat analogous are the experitn{mts of
Dr Prefciani of Arezzo’ i'rfél‘ufcany, inferted in
the Gtornale di Pi ifa, 1778 ~'He ends the detail
of his experiments thus : ¢ Tit my opinion, I have
¢ been able to alcertain, that the fnails, which had
¢ loft part of the brain along with the head; died
¢ fooner or later according to the portion taken
-¢ away : that the others; *which had loft the
¢ horns, lips, teeth, throat, and tongue, without
¢ ‘the brain bemg touched, lived-as long as they
« could furvive without food. - Thofe deprived of
¢ the horns and integuments of the hiead have all
¢ had perfe& reprodudtion.” M. Adanfon is alfo
in the lift of expérimentalifts, not that he has
Publifhed any writing fpecifically on the fubje&,
o Lo ' ' but
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ARTICLE IL=wAN ACCOUNT OF THE EXPER} -
MBNTS WHICH CORROBORATB THE REPRO-
nuc'ron OF 'rrm HEAD.

.
- ¢

NorwrTHsTANDING the multiplicity of .the
experiments relé.tgd, I have never found myfelf in
the leaft inclined, tp repent having publithed, in
the Prodromo,® my fingular obfervations on
Anails, and that becgufe I was %0 ‘well aﬂ'ured
of havmg fegn what is {t%ted therg, and w1thout
any apprchenﬁgp that decextfu.l appearances had
impofed upon me,, Ip the end of fpring 1766,
1 had witpefled, the rene,wal of ghe head and
horns ; but I@elayed lpying, ql:us ggqup{ﬁil phe-
nomenan.ppsh -to the werld . ungil 1768., 1 was-
not.content with havmg once behelgl it 1 wxﬂu;d' '
to fee it.anew, and to. return to it qften, at ‘the
fame time obferving. the mojt ;mgute ;matoxpxcal
. R 4 exanunatxdn,
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examination, as well of. theu fesered partsond
thofe renewsed, : to alecstaiivrwhesher, in: all \#ric.
nefs, the.part reproduged might trulynbe calléd

fot, -about: the "beginning of July, did me the
favour to carry fome of the reproducing fnatls to
Gentva, to-be prefentsd;in.my Aame to' M. Bon-

met, - who, on the tenth of Auguft, wrote to me; .

¢-All the fnails arrived in the beft ftate ; and have
¢ thewn their admirable reprodyctions better than
| : ¢ thofe
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¢ cholle-on whighel taadle 1oy axperiscnts. - Yomr's .
‘ 3né of a-fpecicxwihwwlick:§ was unacquaiated ¢

¢ have givnn the beft evidehce of reproduflion,
¢ by gnawing mhmugh the Paper that confined
¢ them.” .

Fromt my cma&nemﬁs, T was confeious 1 had
not been deceived, whatever the anthers in the
- preceding feion might oppofe ; confidering allo,
that their expeninyents: wene negative, and ming
poditive, ‘Fhe logic: teanhing a pofitive - faék - is
* not overturaed by » theulnd negatives; becaufe
the accidents are innumersble, angd moft of them
unforefeen, that may difturb the fuceefs of wp
event, Yet, nmiﬁxﬁandi:ig all ¢hefe reafons,
* had my own cxperiments poly, argued in-my fa.
-yonr,il thould not have been completoly fatisfied,
But, befides M. Bomnet, ‘the reft of my learped
friends, who, with-theifoma-eyes had beheld this
phyfical fatt and with ddmiration, were perfeitly
convinced, ftill I had reafon to -doubt - whether
the fame would be admitted by ah- cnhghtened,
public; and exery author, who publithes his dif-

coveries,
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tisfaCtion to obferve that-meft of thefe naturglifts
have been pleafed to take my part, without the-
deaft relation exifting betwgen them and. me;
or the fmalleft kiterary intercourfe. . Therefore 1
]udge it of great importance.to .my caufe, which
is that of truth, <to colle& together the fa&ts that
favour i ity . R

S R ' FARTERET |

. 3
ot el
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= In the Aount Courenr are-alfy fome experi.

mentseonobondng ‘nﬁm ;othe ﬁr&lof whxch is
this. SRR RN

¢ H. Roos, . mﬂumm!,(adumuﬁﬂlhg in Pans,
-¢-has undertakesyiltosfitify Big. Spallmnzani’d-ex-
£ periments :on >decupitated fhailsi Some-died';
“.others furvivedr thatuperation. One reproduc-

¢ ed the largewhorhs;; another, which had beeh
-¢ decollated at-ehe-root.of the horns, acquired a

“.new head mdvfbur new: homs, jfoumal No.

1305 3554751768, -

- This experiment mn'cfponds wtrh thofe of M.
‘Lavoifier; related: in‘:the fame journal, - No. 38.
# We siow - fpeakeof -Sig. -Spallanzani’s fingular
-¢ difcovery, :conocerning the repredudion of the
¢ Read of the fnail, with more confidence, becaufé
M. Lavoifier has fhewni the Royal Academy
¢ of Sciences- a-fnail which he decapitated on the

¢ 12 of laft June, -which -has reproduced a new
¢ head exaltly fimilar to the firft. - He has feves
# ral mare, ‘with the reproduélion lefs advanced.
¢ The head was cut off -a little-beyond the large
¢ horns.. More than a month elapfed-before there
¢ was any fymptom of regeneration, ‘which-a'
¢ fmall-papillacor tubercle announced. ‘Thehorns
# are much thicker . th$#r in- their natural flate;
¢ and only a line and a half long. - M. Lavoifier
# has remarked, that the part called the tail i alfo 4
§ ca,pable of reprodution.’

3!1!
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“ ed, having shewn a fevered head, with the teeth,
< preferved ip the fpirit- of wine, though there
# wers alfo teeth in the xegene:awd head of the
£ fame fogil.’, .
. .5 The boms are not. nepmduued unti] the hud
‘ss eptirely.formed ; and:their gxowt,h prefe:vcs
4no yniformorules, .
_ Thele age, all tb:caqxrwms, fo fat-as I knaw,
made in Rarig. .1Apd. 1. hare next. to.fpesk of
-Qther natirajifks, in different
W, a3 I amdefirons:of con-
hronglogical .order which 1
dave hitherto sndeavosired. to prefepve; - we dhall,
in the firft place, advert 40.a treatife. by. Muller
ol of
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fully ftretched # ‘tak$flg the gredtaft ¢are not to
eut off the paitt afally ealled 18 foot. 2. Im-
mediately aftets déollatien, he eonflantly exa-
mined the amputsted'Bead, bothr with kis naked
eye and a magnifier, and alfo thewed it ¢o learn-~
‘ed' mien; who beheld not only the four horns, the
extremities of the ewd larger with eyes, but the
mouth, Lips, and’jaws. 3. Though part of the
fkin and horns ‘may be taken away, and not the
head, an exal obferver earmot be deceived, by
examining the fevered portion which remains on
the blade of  the feiffars ; and he eafily judges
whether or not the operation has been properly
performed. 4. The reproduced parts are diftin- -
guithed from the reft by greater whitenefs and
tranfparency ; while thofe feparated always con.
tinue obfcure. g. Many accidents evitable and
inevitable may impede teprodudtion ; but a fingle
operation, accurately performed, wxll prove the
fa& without reply. - S :

Thefe are ‘preiminary l‘élﬂarks and the funi
of Muller’s obfervations is as follows. -
* Botlt

&
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In ashother’ fiail, “deeollated 14 September
1768, the upper lip was already formed, March
1769; and the opening of the mouth had become
vifible. - A third, decapitated: 14 September, had:
repaired moft part of the head dunng the: follow-
ing fummer. '

Muller termimates his memoir with obfer\'rmg,
that ‘a‘fubfequent journey had prevented further
examination' of the reprod\iéiﬂg heads ; but that
the reftitution of feparated parts had been inthf-
putably proved. © -

The Padré Scarelta of Brafcia Yépeatcd my ex
pétiments in- the Yame year; 1769, and commum-'
. edtéd the réfole in the ‘following Tetter = After”
& four Hé ‘fﬁh&'ﬁlence, T am Yo®w to relate what it

« Bas beeh'inl iy ‘pover 15 Sbfbive refpelting
« fnsils;*and alfo the obfervations of a fkilful arias.
< tdmit, my"tHend Sig. Ludovito"Piifini,” who;
¢ onpe, will in time publifh his anatomical and

¢ phyfiologjcal
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. - . Obﬁging '

oo
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except onej exl'nbxted a prmcxplé of reproduc~
UUH s oo - by

+'More fnails' died +in qfnnh;: and on the 14, of
alt the fixty-eight deprivetl, of the liead and part’
: of the neck:,:mosone xemained afive. - o

With-shie 28 decapitatetl,. without, injuring”

the other 'parts, it swas!yery different. . Only’
one had died twentyifour days after idecapitation :*
and the originating horns, of - almoft.the whole’
were budding 7 -ory indead, the rudiments of the
head andthe regeneration-of fome was complete’
ih-the begindiing-of June, for they ate lertuce pre-
fented to‘them.: - —d

~-It was much- more credible,- that repradu{:hon
of half the head- would be- eifier, obtained. The
Abbé terminates his letter, remarking: that, - not-
withftanding the facility of reproduétion, the headt
of fame fhdils- was not.entirely repaired during
the fitftrdays -of iSeptember ; and of the mon-
ftrofities” attending - -the. vatious: generations,
- 8he' waw very: fingudar : -it confifted of two horns
of unequal length, fituated on the right fide of
the head, whith;-dfter being-always united, and
ds if 'intorporated tagethew, came at length to
form aufingle homx. thicker. and ihorter than a
li\rg‘ecmeasﬁatumilyu?d Fiaple
" Sevetal “years after thefe "experiments, and '
when I wasthmhng httle about them, three new
trea‘nfes were publithed ébnﬁrmmg my obféerva-

fiens,
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tions, ‘two by M: Bormet, rand-the third by M.
Sencbier, librarian to the Republic of Geneva.
The chiéf motives imtudngiborh thefernaturhfifts
tt' experiment>0n ¥naflsrivend
by Meflrs AdamforiantManrra
tiois. ” My Shiiebier’s*atiasont
1'% a letter Bibhaable Ra
the JourhatldeBhyfhiguer -t m-nfanrchbe the
whble adiffyvery thort: - -
1> aviil myfdf offils oppcrmmtyt to anz
¢ itince; - thatt I Wavei'fepeated the‘ celebrated
¢ Abbé Spalranmfﬁ’gﬂnguldr xperiments on the
¢ regeneration of the head of decoliwdtl dnails.: 1 -
“have lately-perufudd. tire" Gottiigen Gazétte,
¢ where' there i@ et fromrd mikmoid by
¢ Profeflor ‘Musruy; which puts thesmatter! in
¢ doubt : nand: beeasfe T know1hd trath oft thefe
< obfervations ‘i been: queftioried By -no’ con-
¢ temptible: dbferversbothgar France.bndidialy, [
“now: write yettlis, asithe fodfon-is fawourable
¢ for reproda&iowy and fitcforizepetition of ‘the
¢ exp@ﬁmnﬁ!h no belpey o reust laopae
' 1i¢ | dedapithtad awetivd pavdenifhsils, 1 mdpril,
¢ and afcettainedthanfopartibn wasmomplete, by
- < §ifpe@ing’! the cfeveted: hmad (Wwith a magnifier,
. ¢ and comparing it with Swallmerdam’s.exact de-
" & fcription.' fvthréeflweektly one exhibited the
- héad and arger chornk reproduced z - the - fmal]
vt e goieAnd dadt - e - € onoe

-t
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“ones a5 budded; and the' it was foon a~
Ofirfed isbefdre-decapitdon” . T
-OME-Pétthel, W frurtiroiis and’correét: éxperi-

inpifetters ave eranfcﬁhe& T the o:der of time
tHat T'veceived themi- =7 i ¢ '
{5 Moft eftedned Fﬁeﬁ,—-nehot& me at hft
‘"pt@pm‘e&‘% ’ﬁtsfy"yom}*feqpe&, by - refat-
“ifha el of dity obfRiN4fons on the re-
¢ pr%ﬂu&lve factlty of fitails > TPhe Ample recitab
< of faGs Wil b fuffitient ~~’f0r ﬁhe Joumal of ob-
‘) iq 2U0OL.5Y T 976 Z. Mebio s ‘fe‘vatlons
avp A o aslrade feislo i h e
Q)1 @ifedive TORpAREOE S Pive any extral froms
his"Memoirs, as they imxhediately follow this.—T.
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* fervations is %0 long, and fo.ill written, that it
‘“would give you comfiderable tyauble to read
“it: mor bave | time. to0. make 2 carre@ co-
“py- SRR SR

¢ My expaipents begag ot July ; and Lufed.
‘theﬁlaﬂecqﬂqqniyfomdhga:dem, of o

¢ figure ag_proa\qug 40 @bcpcal,:and with a
¢ darkdrown, (hgil. .ﬁm fomelagge and,
< fome fmally were decapitated hehind:che large
* horns. Dnouammpequmglmafmooth
“ wooden tablat, with 2 frong fharp -razor. The
* fnails inftantly retired into their'thelle:: avifcous
“frothy ‘matter exuded from the. trunk, in many

~‘ofagrem:!hcd&wm ‘They were immediately

“ pat into am&hmaagfo&mh, and covere
“ with a fieve. . N

* Next1 proceedadmd:;&&th@hegds, a&enbe-

< ing kept alittle in"warm water:; and.in ali, found
“ the upper and undes, .part,, with the. homns,
‘mouth,laps,teevt» and 2 pogtion -of the. pha-

“rynx. Iknow not whether L.fhould inform

* you, that thefe.faplls were what-theWFronch: cafl
“ gfeargot, and areAdelcribed by §wampmesdam in
< his Biblic Naiung. . The general appearance
 foemad to_ carvofpond, ith, this:, bus, afided . -
< with agood,magmﬁernmzd-&ma&m Vi

< fible, 28 Swammerdam’s arein various places -

« govered with fmall ifolated tubercles of an irre- -

*.gular figure, whereas, mine were wholly coye:‘;
. ;S 3 P £

-
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“eqt Witht lohgil tiibutiiles Elsldly runited; arid
¢ like fo miatry-giliptied] pBlidcid - veficles, almoft
¢ all of ‘equal figl, butv mit’ fékited) and they
¢ were {
“to the
¢ tendet
¢.ted, tl
- © ¢Fre
¢ naturz :
¢ were the fubje@ oF My epeimentsss Perhaps
t the French word sfcavpse thedng Mmails in gene:
¢ ral; and-no-plrticular’ {péefese 41 - -
- ¢ Ondy four of “the- Rvesteenvimils furvived,
¢ ‘Whetlrer this unluck citeumfbirice was owing
¢ to-the exceffive heat of the'weathier, or my too
¢ impatient -euriofity, .not -confidering “how the
¢ wound might be affefted by the air, I-casnot
¢ well- determrintes - Two died “in"fqur days; a
¢ third on' the twenty.eighth; -other two on :the
¢ thirtyfirft- day ¢ ‘afd thyee: move lived : thirty
< three, *-Fhiefi | did not-firid-otie dead until the
¢ fixtyfrxtht doy;-and-the felti-on- thc e:ghty
cfomh, ...... AR CRC AR IRt S S I SR
< All-Had Exhibiteddome marks of reproducq
¢ tion 5 two had the Jarge hovas badf rogenerated,
¢ the lips-and Meeth “Alfoi made~ great pragrefs.
¢ There was°2 mionfirefityiiiehe) horns as.they
¢ were-united(> "M te i eleven, -a " tubencle
# arefe! fromi:¢he tsink, andm the: gentre of it 2
. ¢ black
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cyes.and theilings, 1o,.0p-
- uc nerves. One of the
M rnm -re-
“ prod ékia
‘-which are
-* allo drew:
. ‘ There i
“a mtﬁ&iﬂ
. “nails,. fre
% with. whig
- “ways thim
£ Alamence. ... , v b figiie e vim baicy
. ¢ The reparatorysmattes pf the epesayum fiks
“ in different,payiodsinf. tme. - Somg fagilsceafe
-t repait.it ip. ninesean 1 days, - ethens 4in - festy-
¢ cight. Ehe defefofigluen | alapmed g for
* the fafety ofomyisfoyn, remaining, fails,  there-
¢ fore 1 keptthem in a warm fituation ; ang,gkey
¢ repaired 'a ygx¥thin OPERCNER, i hich was
‘)thf'ﬁlﬂYthﬂdd wisl vty low et
1+ The repasagon of . the foall bamsd WY‘
more @rdyy cappRred:to. shivlwge. auenangithe
f lips 3 mneither wwe theikoms Alwayss afythe,fame
~ékmthnn&tlwhwﬁpa Rrdwye, nevarfeen, the
. S4 ¢ fhagrecn
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¢ fhegréin teis repaired:: ¥ obidedC axnmrnaPa.
¢ dquny agith Degember 198430 ; ron.. g v -
1cNextiis atlottay. fgorh Sige Prateleagdh i< 2o

“dhav the ploafurc:nf membéeidpany{élf among
¢ thafe who have confitmed syputadifcovery.. : -

: My experinonts ‘ware imadesd: 1 #8hgin.cor-
*foquence of fsresal ancirymyous: bettere ih> jou-
- sals publifhed heve, sahisverlrwas dletibd todhod

¢ the reprodudion of thitihead of ik, 'deeapl-
<tated, when I firft came torithis -zity.- < Belng
< unable tos fatisfy. their-curiofity, becaufe all thefe
¢ reptiles had perifhed, frem the bran, B believe,
¢ where I had incautioufly put them, entirely co-
¢ vering them:; and refleGing thavit would be to
¢ no purpofe, refaving to-the fwtcelsful.experi-

_ ¢ ments of Muller-Rogs, Schaefier, Bonnee; La-
< voifies; rand  dthver “moft -abeurate - naturalifty,
<.who® eonfirmed: this difcmy,il nfolvd to

¢ popeat- iy expatiments. * )

¢ On the 10 of July, the time reputed mdtﬁ:.
< yiurable o reproduliionyd tookntwelve. fualls
< sof -tho ! fpenivs: enlidd Romatial byilinngens -is *
< s Founs Semicey; and fimilansto thofe which I
¢mwww Anxious that iy’
¢ experiments
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¢ efperinierits. Shotrio hocbeadiqtx widll slircef.
" ¢ fary precaution ; fof,gily nogtsGenyithefesep-
¢ tilés perifhy il mufll kgst hoppentdite hafe” of
< Mx- Astangoiy, Bonimee, zashPathedl Goné, dBut

¢ Jodidmot follow the Flan iadopsell byroihers of
<.imiwerfion i waténdosforoéothenout.: : . Hud
¢ M. Basaptomittellidgchid fndils watikbhavefur.’

¢ feverad. the hed.soamesiee s bebinit: the large”
“hodne o depabaved ipart was exsiminod both

nnghtchangqcmﬂmbwm@m;uﬂacul to
R BAART SRS hed Lav -0

¢ On tb»28 oﬁ:mguft,alfomni:thewer torn,

¢ and, forie of the faaflsoftickingita thecantfide of
¢ the veffels | Khysall appetked: whenoput - on-
¢ grafe, but reproduitiofichad mdide dnequal pro-

¢ grefs; for-only artwbeyble 2ppeated aitabe trunk -

¢ of fome, wlnle in others mmm :
¢ pleter  Lcugst ame st el oot s o
‘1 fmﬁmu}bof the dnafle o the adkat nf:the

* yournaly withvd letterydfi \whiksly [zxequefted -him
¢ talimvitestmt: ayiticd ito/ etamipsi sy proof,  In
S-the mext jowrndl, khvadittic fatiefndién tofeeat-

s % ¢ anfwer,
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¢ anfwer, where ‘they acknowledged themfelues
¢ convineed-that it was a phyfical truth, which,
¢ mifled byill mmade expecinentethey: confidersd
‘&Pl’“lg)b nnlueﬂ:hﬁr.M: ienl oa el
" ¢ b.fhould »motthaveythought: bfvdesapitating
< mpre i thefo reptiles;1irad nétnthe peogees. of
¢ repeodudtionsin feveral; amdtire ijwerordernof. vo-
* mous pan
4 me to iny
¢ yarieties ¢
¢ I 'kmow, |
» thofe of v
¢ nebier, convinced: me thatitieymere - nat Jufis
" ¢ mature; but depending on fived cand invarible
¢ laws,. . But.were thefe dlats regulated: by the
* fite of the cut, or bysits greates:or lefs obliqui-
£ ty ? This is-one:of ithe:queftions which , oceurs
¢ in your Pradtomo.
. ¢In the end .of ‘laft. Febwruary,:I decapitated
s twetve-of, :the “fame :{itzils ;a5 befoze :: but there
f.was.a confiderable difference .in the nature of
¢ theiouts: Jvong half, a0 was verticad, . but: a
¢ lide, farther. . fromthe largenhorns than. for:
¢ merly ;- inqthe athar half of the nmumber; it was
¢ made mare or lefir oblique;: teaving one: lange
schotry ob merantouched: oAl syese then con- -
 $ifinethima weflths  Heatingi ekaminest - thes i 2
f-month,ubfaned-five. deads - however, the other -
$ieven had formed their operculum. Qn thefe,
¢ therefore,
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fpmmmtsthatocmned* in:-the firft, when the
¢ feCtions were. fimilar, I inclined .to .think - the

Sing

ell %

s of
"¢ tead, were independent of the cut. But refleét:
¢ ing that thelaws of fuch phenomenz ouglrt st
f to be- determinsds by uferr] hititby . iumetahs
¢ und repeated ubfn'vanoms, Ixx:onw.ved u:‘betncr

R K I C R L o Fie
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< to fufpend my- jydgment,. and, 4o multiply the!

¢ farther, hehind the lacge bpens ;- mare or lefs

< oblique ;. .3 ligey, o farther,, before the Japge
< hams ;..and. oxﬂy*balf,shﬁlmd), of atheps wag
<cut o Tandied, apdithe reft, examined
¢ within thefe fome days, mere alive. But the

< reprodudive power. has liple aivity during this
* cold weather ; 3pdhit il probably be a long
“ time before I am.able te fatisfy my. curiofity.

¢ With the. moft -profound refped, 1am your
¢ Reverence’s maft humble, and. obliged fervant
€ G19., BATTISTA Pa,u;o.umco. Gmoa, 16
< Janugry, 178" .

To Sigs the. Abbé Lazamﬁpaﬂl.nnm, royal
mecﬂ'qr in the maﬁtxpf Payia, Mwuun
GIrarplL .-

:$ M}dml‘m#mlmﬁ#m reqndh to
€ repeat the experiments. you haye made. on ters
¢ reftrial fnajls, 33.29 exidence of . that impartial

the. myfterious acana .of nature:
< Thus your abfervations will always triumph ;
* for they axe-fuppopted.an fuch a bafis 2s to

“.dzead pither the.igjyry of; time nor eavy. It

metx which-aGuates you fgr. difcavering the -
truth, yidf the

B
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¢ feemrs; by a fatal deftiny; that' thé Muntinous and

¢ more,
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8 mdrd] Ofhd it pticulat, M A dotphus Midtay,
Cy [CNEE Tt AR RO BMAW W naidhiltlab.
¢ friend. .
4 iGverted”
“eated thi
e e
¥ dARY
©034%e hav
4fong tHat!
“and 48l
“yain to ad
“Be perfua
1 < Beforé franferibing therefalbdf thy obferva-
£ fions, perniift ‘mie*'td obférvd] "that I have " #na-
< tomifed fhails 'ds mith' as ‘Poffible,” ind efpeci-
s ally the head,’ which' ¢ Hiriel thore compound
4 thah any ‘one tould fappofe. ‘Butit'is extremely
¢ difficult td acéompliftf thiy 'while alive, as, who-
“i'efkr takds the troublé of édamination, will afily
FRhd. T8 edually @iffichh 't6 ‘make obferva
"#'tibns on'theitn ! their bwn® proper Habitations;
Yot they are there'lb mueckhtink and éontfad-
& ‘within ‘themfel¥es ¢ and, Y the¢ obférver ‘en:
"¢ dedvours frexathine them, when:ftretched out-of
¢ the fhéll; they ¢ontra@ a¥efire fo 4uickly, that
¢ the anterloy'part'of* the BBt #inftantly turned
¢ out, and the head conéedled as'##in-the cenire of
< the body. And th¥diffichhy fHill augmetits, if
~#'we add that tenatiols. vifcots Hadtter ‘copioifly
e S s diffufed,
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¢ different methods, they frequently remain with
the: neck and head,..angd fometimes alfo thé
¢ horns, «ftretched out; in this manner affording
¢ me 6pportunities. for convenient examination.
. ¢ When a fnail extended, and: carrying along
"¢ jts.habitation, is Wewed, or when dead, in a fit
< milar. pofition, 2 long.neck, . terminating in-thé
¢ head, .appears. . Two. larger.apd two, fmallet
¢ horns rife from the head, :. A minute globe i}
¢.at-the extremity of. gach z,and in. the two larger
¢ is a black point,called the eye.... Around-the
¢ pofterior part of the neck s a gircalar promi
¢ nence, called the.lap,or.collar ; on the right of
¢ which appears. 3. bole emidgntly fay, refpiration ;
¢ and in it the intofline. forJifchyrying,she frces
¢ alfo terminates. A glandulan fhagreen ikin,
¢ varioufly coloured. accarding. ko the different
¢ fpecies, . covers ﬂge uppgo,part of , &qneckvﬁnd
5 : ¢ tail ;

-3
J
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S il ; and an mseesmely thin. membrane cavers
¢ the noder part, with which the fnaj} advances;
< and is called the foot. In the middle are lon-
< gitudinal lines, and oa the fides teanfverfe ones, -
¢ indicsting the tendons of the mufcles below;
¢ ferving for aftion and re-sfion. This antexior
< and extrenie part of the foit contrafls with the
¢ lower mandible, leaviag a little vacuity, pro-
¢ bably that the motions of the mandible may be
¢ more free and quick. At the root of the fmall
¢ horns are the lips ; and when thefe are opened,
¢ the teeth, toague, and eavity of the mouth, are
¢feen. Under the right large hamn, and perhaps
¢ a little behind and near the foot, is obferved 2
¢ fmall white mark amidit the tubercles of the
¢ fkin, which is the female vagina. And, as all
¢ fnails are hermaphrodites, the male apparatué
¢ for generation alfo proceeds fram the left fide,
¢ plate 7, fig. 1, b. This mark, which eyen the
¢ moft pradtifed obfervers cam with difficelty dif-
$ cover, becomes turgid at the feafon of their
¢ amours. More than once ] have had the good
¢ fortune to furprife them in copulation, and fee
¢ their mode of praceeding. After they approach
' ¢ each other, it is entertaimiag t0 behold how
¢ they mutually examine snd ro-ezamine with
¢ the head and neck, before uniting, aad feem
¢ a8 if by turns to excite each other and invite to
¢ copulation. Then, having difpoled themfelves
¢ for amorous intercourfe, the male apparatus,

¢ turgid
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“-turgid withooralenebigiodsniepoechnied S
" ~the hea
* maleva)
* they-an
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—arerns
--much t
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- he fca’
* defire 1
“ particu
. ting!an
- =eys tl
- there-d
" fine ar |
¢ terjor part, a-prpiinent ayular gifbe, ‘compre-
¢ hending;thetwa-mandiblds, the mauthpawnguic,
< and-ajfo, g oukgn. of thesefophagas, plate 7,
¢ fig. 1. b s hpinigpasrmandible sthoaritagi-
*nous, angkformy mhexpataseywithin:: #rom-the
* higher; papy, mfenmilsingr dflequs tooths projetls,
- which-inygolaxsgpudfhape refemblesope bf the
# tortoilc &Wlﬁnﬁme,}wmur ladies forcor-
YOA' & o v YRz o o of-nament

*
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¢ nament on their hair. The tooth is an aggre.
¢ gate of fix or feven dentes incifores, pointed be, -
¢ low, but fo united 3s to form only a fingle
¢ tooth. The jaw, or rather gum or under lip,
¢ has no teeth ; it is feparate from twa foft fub-
¢ ftances of a dark colour towards the cefopha.
¢ gus, which confine the tongue. The mouth ig
¢ bounded before and behind by the teeth and
¢ efophagus ; above and below by the -palate
¢ and tongue,
¢ The tongue is not free; it is bridled and
¢ united to the under jaw: two furrowed carti-
¢ laginous membranes form its fubftance; .the
¢ upper connefted with that which covers the
¢ under jaw, and, curving behind, defcends with
<an inflexion, and comes forward under the
$ lower membrane ; then recedijng, it terminates
¢ in a {fmall dark globular appendage, which pro,
< je&ts from the under part of the ovular globe,
¢ fig. 2. d. This appendage contains a white
¢ longifh curvated mafs, which, being moveable
“and conneted with the anterior part of the
¢ tongue, where the cefophagus commences, does
¢ not {feem to be placed there by nature withoug
¢ fome particular ufe. The lower membrane of
f the tongue, which is much thicker than the
¢ upper, convex above, femicircular and hollow
* below ; and is rooted in the fore part of the
¢ ynder jaw, and terminates free where the upper
" | ¢ membrane
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< membrane is infleCted behind. This peculigr
« ftructure. of .the tongue feems to fupply the de-
* foét of teeth ; whence matftication is performed
** by the action and refiftance between the palate
* and tongue.
< Where the mouth and palate terminate be-
* hind, the\cefophagus commences in the higher
< and pofterior part. of the ovular globe, and be-
< tween the two falival duts, which unite to the
“ globe by penetrating the cavity of the mouth.
« It is very narrow at the origin, but dilates fur-
< ther down. It is of a light afth colour, and
“ formed of a thin membrane lengitudinally cor-
* rugated, by which means it eafily dilatesand
€ contralls.
¢ Above the anterier part-of the globe is fome-
# times found the brain, of a palith colour, and
“ in a manner divided irto two lobes, fig. 1, i,
¢ I fay Jometimes, becaufe the brain of fnails is
* moveable, and .changes its place according tQ
* the motion of the animal: at-times advancing
* befare, and at times receding behind the ovular
¢ globe .above the cefophagus, efpecially when
< the fnail ftretches out of its thell. This is ef
< feCted by means of mufdes traverfing the fides
* of the brain, and admirably wnited o it by fg-
“ veral connetted interwoven filaments. The
# brain is but about a line in breadth, and not
“more than one 3nd a balf in length; larger,
Ta 4 however,
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¢ however, in proportlon to the fize of the fnail,
€It comprehends numerous nerves; and al-
¢ though they have been accurately defcribed by
¢ the celebrated Swammerdam, it ‘does not feem
¢ totally unconnected with our inquiry to enu-
¢ merate them here: obférving however, if there
¢ fhould be any trivial difference, that the fault is
¢ not to be afcribed to another, butT will rather
¢ be content that it is attributed to my inferior
¢ dexterity in examining objets fo minute ; and
¢ more part1cular1y, as, in the courfe of this in-
¢ vefhgatlon, thinking myfelf able to diftinguifh
¢ the objects without any hazard of error, 1 have
¢ ufed no magnifier to increafe them above thexr
¢ natural fize. .

< Of the nerves that divaricate 'into the head
¢ fome proceed immediately from the brain, others
* by means of a ganglion formed of the lobes of
¢ the brain itfelf,  which they inveft according to
¢ its different pOﬁthl’l, fometimes the anterior

¢ portion of the ovular globe, and fometimes the
¢ cefophagus. They are little larger than a millet
¢ feed below and alfo behind the globe. Fol-
‘ lowmg the order of diffection, we fhall firft
¢ fpeak of the nerves of the bram, and then of
* thofe of the ganglion.

< In the brain originate twelve nerves, that is,
¢fix on each fidé, which I fhall call fix pair:
¢ fome run behind, and others before. The

e - - : ¢ firl,
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N firft, which we may denominate the mufcular,
ongmatmg in the Tobes of the brain, proceed
C back to infert themfelves mto the mufcle retrac-
¢ tor of the ovular globe ; the other five are dif
¢ tributed before, and are thc upper and under
¢ lablal the mandxbular, the optlc larger and
.‘ fmallet. The upper labial arife in thie anterior
 part of the brain, and, traverfing the fides of
N the oval; divide Befdre into two confpicuous
¢ filaments ; ] one proceeds to the hxghet part of
¢ the upper lips, and the other terminates in the
C lower part of them. The mandibular rerves
¢ ongma;te in the po{’cenor part of the brain, and,
proceedmg back are inferted in the ovular
) globe, in the v1c1mty of the falival du&s, di-
.‘ verging into the mouth, throat, and palate.
¢ The optic neives iffue from the fides of the-
K brain, and, by means of either membrane, are,
¢ attached to the mufcle mator of the larger horns,
‘¢ and terminate in a pyriform bulb at their ex-
K tremity The fmaller optics, or more properly
:‘ nerves, of the fmall horns alfo arife from the
¢ fides of the brain, in the vicinity of the larger
¢ ones. 'They unite fo the mulcle of the fmaller
"¢ horns ; and, divided into feveral filamments, | pro-
" ceed to terminate in the extremity of the horns,
"¢ in the cutaneous miufcle and the extrémity of
 the under jaw. .
| T3 = ¢ The .
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¢ The name fmaller optics, which I give thefe:
“nerves, ‘may to fome appear too arbitrary, and
¢ perhaps be attended’ with' inconvenience, was
¢not adopted. from: the property of the nerves
¢ themfelves,. but from their affinity with thofe of
¢ the large horns, which are commonly called
¢optic nerves. They had' this denomination
¢ever fince the: celebrated Swammerdam, with
the aid of powerful microfcopes, was able to
¢ find the organs of vifion in the black point
¢ projetting frome the extremity, namely, the
¢ uvea, the three humours, and the chryftal-
“line lens invefted by its membrane. ¥ will not
® deny this.admirable ftruture, which it would
¢ not be eafy for another to confirm ; but my ob-
“fervations induce me to believe, that if the or-
¢ gan of vifion is in thefe horns, that of touch is
¢ ftill more certainly there: and this is the more
‘¢ evident, as the organ of touch is moft fenfible,
¢ while vifion is weak and confufed, which gives
“very. good reafon for uncertainty. I made nu.
¢ merous experiments with a view to remove the
¢ doubt, but they all concurred in increafing it.
‘¢ When the horns were fully ftretched, and the
‘¢ black points confpicuous, 1 brought various
¢ fubftances clofe to them, but they gave no in~
"¢ dication of certain and diftin& vifion : becaufe:
¢ I have feldom obferved that fnails ‘either deviat-
¢ ed from their route, or fo much as bent the

large
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¢ faige horns to avoid the fubftances aimioft in
¢ conta& with them: And what further added
¢to my doubt was never being able; witl the
¢ bright light of a candle, or concentrated rays of
¢ a lens, to make the horns alter their direttion,
¢ unlefs when forced to retraét by too intenfe
* heat. Although, by approxiipating a luminous or
* opaque body, they have afforded fome fymptom
¢ of vifion, repeated experiments, which are ad-
* verfe to it, have eonfirmed my doubts, or at leaft
¢ made me fufpe&, if thefe do fee; that their fight
tis exeeflively obfcure and indiftin&. Bt as
¢ their defeét is very great in this, fo are they
¢ moft fenfible in touch. Thus; when naturally
¢ ftretched out, the horns are carried well extend-
¢ ed before them, that they may be warned of the
¢ flighteft obftacle, juft as a blind man is warna
€ ed by his ftaff to deviate from obftru&ions in
¢ his way. It is fufficient to bebold fnails advan-
¢ eing to be convinced of this. They feel or
¢ grope along ; no fubftance oppofed ftops their
¢ progrefs; but the horns unexpeétedly ftrike
< againft it; and then are fuddenly retrated:
¢ Next; being extended anew, they feem; by
¢ touching and retouching, te renew the exami.
¢ nation ; and, affluming the touch as the rule of
¢ dire€tion after confidering the obftacle, deter-
¢ mine whether to deviate from theix route, if it is
¢ great, or to contine if it is inconfiderable. 1f

. T 4 ¢ the,
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< the fa& be fuch as it appears, it‘may reafonabiy-
- ¢ be inferred, that fnails. have no eyes, .or, if thep
¢ have, nature has formed them of minute and

¢ almoft unperceptible parts ; whence objeéts are
¢ feen obfcurely and confufed :. but in compenfa-

¢ tion for.the dullnefs of this fenfe fubftituting

¢ the exquifitenefs of touch, by which they can
¢ diftinguith thefe. fame obje&s. Therefore the

¢ ufe of the globe on both large and fmall horns
< may be eafily comprehended : namely, that the
. < points of conta&t may increafe by the furface
- ¢ being enlarged ; and the exquifitenefs of touck

< thus rendered greater for.the ufe and defence
< of fnails. But this'is only a fimple conjeGture
< of mine, ftarted for my own information among

< many others-which you will obferve.

. ¢ Let. us return to the organization of the:
¢ brain. 'We have feen that its lobes compofe the
¢ ganglion, as the annular protuberance is form-

-¢ed by the Iobes of the human brain. Many.
< nerves proceed from this ganglion,. fome for-
< wards, others laterally ;. fome backwards ; and, .
¢ laftly, . others below. We fhall treat only of
< thofe proceeding forward on the head, as parti--
.¢ cularly belonging to our fubjeét. From the an.-
© * terigr part of the middle proceeds a nerve that.
* .¢ advances in a ftraight line to infert itfelf in the
¢ pofterior and under part of the oval globe..
< From the fides iffue two bundles of nerves, one
¢ fromu

BY | . e
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¢ from each, which fpread on the cutaneous.
£ mulcle in many directions ; fome advancing to
< the root of the large horns ; and in the right
¢ fide are .alfo inferted in the prepuce and vagi»
¢na, From numerous ramifications of the lower
¢ nerves, .fome proceed forward, and are loft in
¢ the anterior extremity of the foot.

¢ In the laft place are the mufcles of the head,
< confifting of the retractor of the oval globe, the
¢ two retra&ors of the large horns, and twe
< mandibles, which all iffue from the muifcles
< that proceed from the fpiral column. The re-
< tractor.of the globe, which is the largeft of alk
« proceeds to.infert itfelf in the pofterior part of
¢ the globe belew.. Thafe of the large horns are
<tinged with dark. yellow before,. and end in a
<fmall. oblong flattened hollow body, that tera
“minates towards the extremity of the large
¢horns. T he fmall retraftors pafs by the fides
¢.of the brain, to which they adhere by-means of -
¢ the optic nerves ;. and thence: dmdmg in. twe
¢ towards the extremities, . the {maller pafles to the
¢ extremity of the fmaller horns,-and the larger
¢ difperfes in the mulcle of the fkin below. The
¢ mandibular nerves, afcending in feveral different
~fand diftin& bundles mutually inclined towards.

¢ each other, praceed to unite at theé apex of the
_¢.under mandible, being equally diftributed in the
< cutaneous. mufcle.

T Beﬁaes
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® Befides thefe are others which, althoiigh
¢ {fmall, and refembling filiments, are very eles
% gant, and deferve to be diftinguifhed:. Thefe,
¢ which I fhall name fr2ma, are feen in the tipper
¢ and under part of the oval globe. The #pper
< bridles are fimple, Fig. 1. c. but the undef
¢ triple. The former are on the fides of the
¢ globe, in the vicinity of the falival dués, and
** terminate in the upper lip. The under freena
< are divifible into large, fmaller, and fmalleft, or
¢ long, thorter, and fhorteft: The long, Fig. 2.
<-e ¢, originate under the ovular globe, where the
¢ mufcular retraltor is inferted, and ‘terminate
¢ within the fmall horns.  The fhort begin a little
% before the long, about the middle of the globe
* thenge diverging and joitiing the long, they ad:
< vance to terminate in the right fide of the fame
* horns, Fig. 2. f. The fmalleft and fhorteft ori:
® ginate before the fhort, anhd terminate in a
“ right line in the cutaneous mufcle of the uns
© der jaw, Fig. 2. g The contra@tion of thefe
% bridles draws back the lips, and brings for:
® ward the globe; which ation is fo important;
% that it would be difficult to explain how, withs
% out the bridles, the mandibles could be brouglit
~ % fo much forward as to be on a level with the
® lips, which is particularly evident when the
% fiail feeds, and efpesially when endeavouring to
¢ gnaw a bit unfuitably hard. -
o ¢ Aftef
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¢ Afer fpeaking of the admirable ftruure of

¢ the head, I fhall proceed to the refult of my-
¢ laft experiments on fnails, fuch as they have
¢ been fince 1772 and 1773, with the fame con-
¢ fequences ‘which you was the firft to announce
¢ in your Prodromo fopra le reproduzioni animali,
¢ and have fe accurately defcribed. The expe-
¢ riments I made were on fome of the fnails cal-
¢ led by the celebrated Linnzus, Helices Poma-
¢ tie, Itale, Lufitanie, Zonarie, Arbufterum,
¢ Nemorales Lucorum, Grifee, &c.. On the firft
¢ of May 1782, 1 cut off the larger horns of
¢ twenty-four of thofe which you gave me to car-
~¢ry from Reggio, and from an equal number,
< both the large and fmall. From twenty-four, I
¢ cut the extremity of the tail, and as many were
« deprived of the head. A flice above two lines
¢ broad and ten long was alfo cut from the fide
+¢ of the foot of other twenty-four. Thefe various
¢ mutilations were repeated the fame day on the
¢ like number of the fnails of Parma, of the fame
¢ fpecies as the Reggian.  The former were dil-
¢ tinguithed by the letter A, and the latter by B;
¢ and all the reft being alfo diftinguifhed, they
- ¢ were put into veffels. The horns had been cut
¢ off with fharp fciffars, while full ftretched, fome
¢ at the root, others through the middle. The
¢ head, tail, and foot were divided with a fharp
¢ knife, when well extended from the fhell on 'a
¢ hard
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¢ hard plane, thus to be fecure of the amputas
¢ tion, and avoid the inconvenience often attend.
¢ing it, more efpecially when performed witk
¢ {ciffars (1). The head was fevered about a line
¢ and a half behind the large horns. .
¢ I have uniformly remarked a cerulean fluid
¢ come from the horns, partmularly the larger,
¢ which bedews the dividing blade. Thxs fluid is
¢ eafily obferved, if the operation is performed in
€ water, and moft perceptible if the water be il-
¢ luminated by the bright rays of the fun. Not
<only do we then difcover that the liquid is
¢ greenifh, and is the blood ﬂewmg in the vel
¢ fels of thefe animals, but alfo the quantity and
« force with which it fpouts. I have fometimes
« feen it continue feveral feconds, then ftop, and
¢ again fpring from the fame wound in greater
¢ abundance. When the extremity of the horng
~ ¢is cut off, they frequently appear flaccid, faded,
¢ and fallen down on the lips, and their inability
“to fwell and extend, feems to mdlcate, that
¢one is not far from the truth who fuppofes;
¢ that to this fluid alone the protrufion and ex-
“ tenfion. of the horns are owing: becaufe, I
¢ have found nothing in all the external organi-
« zation, by my utmoft exertions, I have never
¢ fucceeded

(3) The fame precaution has laudibly been obferved

by Dr.Vincenzo Plateretti, as is mentioned in ;he Steka
" i Opafeoli di Milano
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% fucceeded in finding either mufcle, tendon, or
* cartilage, deftined for that office. The ﬂuxd
¢ iffies in greater quantity on amputation of the
¢ head, in lefs, on mutilations of the tail or foot,
¢ and it is mixed with a vifcous tenacious matter.
¢ The feparated horus exhibit no figns of life, or
¢ they are very thort and feeble. Itisnot fo with
¢'the head : for, fix or feven minutes after am-
< putation, it difplays unequivocal fenfibility when
¢irritated. Soon after decapitation, the fnails
“ contra& and retire into the fhell, but fome re-
¢ turnina little. In the place of amputation, now
¢ much contrafted, a fmall white mark appears ;
¢ then they travel about as vivacious as if the
¢ head had not been cut off.
< The facility of motion and livelinefs of fnaxls
< would perhaps induce one to think the ‘head
¢ had not been properly fevered, and this mxght
¢ in general be adopted as an indifputable cer-
¢ tainty. But every doubt is difpelled by the
¢ moft fcrupulous difle¢tion. In the feparated
¢ head, we behold the horns, jaws, teeth, tongue,
< and its appendages, all the nerves, mufcles, and
"¢ bridles, the extremity of the cefophagus, the
"¢ falival du&s, the prepuce, and alfo the vagina.
¢ Thus there is no queftion that the complete
5 head has been cut off.
< All the fnails foon contrat and retire within
¢ their dwellings. There. they form that white
‘ ¢ tenacioug



. 3492  ANIMAL REPRODUCTIONS.

# tenacious operculum which is produced by
4 vifcous matter that they generate. By thig
# they are defended from external injury ; but it
# is not more advantageous to them than detri-
4 mental to one defirous of viewing them for ac-
< curate obfervation. To do fo, I have always
“ endeavoured, as much as poffible, not to aggra-
< vate the effes of fuch an immenfe wound as
“ they have received, by any additional irritation,
“ fuch as breaking the fhell behind, and fome-
¢ times, if obftinate to appear, pricking them,
# which are not the ations of a mafterly hand,
¢ or of one accuftomed to fimilar experiments;
# and it is aGually not uncommoan, that thofe.
“ {timulated in this manner die. - But, to accom-
4 plith my obje&t, I endeavour to entice them
“ out, fo that they may appear fpontaneoufly,
“ which has always fucceeded on patting them in
4 warm water, or expofing them to the foft
¢ fhowers of fpring or fummer; then they are na-
# turally induced to come into the open air.
¢ In thofe deprived .of the large horns, or one
# half, I have never obferved any thing new for
€ ten, fifteen, even twenty days, nay, moft com-
< monly a month. In the place of amputation,
¢ a globule arofe, which, becoming larger in time,
s exhibited a black point in the centre, exally
¢ correfponding to that in the original horns.
& Twa and morg frequently three months have
¢ glapfed
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£ elapfed before both the large and fman horns
¢ were repaired.
< At firft, the regenerated horns are of 2 pale
¢ white colour, and the fkin is much more delir
¢ cate than that of the head. They gradually
¢ acquire the proper hue, and form a whole fo
¢ equal, that jtis very difficult, even impoffible, to
¢ diftinguifh the fnails that have not loft the
¢horns, Diffe@tion proves that the renewed
¢ horns perfettly refemble the firft; they lengthen,
¢-enlarge, and are endowed with all the fcnﬁb;h-
¢ ty of the firlt,
¢ In the fame manner as the horns, are the tail
¢ and foot repreduced, I have remarked, that
¢ they regenerate with an equal continuation of
¢ the fubftange, and ave fooner completed than
¢ the horns,” Thefe parts are alfo of pale white,
¢ which foon difappears, and. no traces of ampus
¢ tation remain.
¢ What is obferved in the horns, tail, and
¢ foat, is feen in the head, but with the follawing
¢ difference. In a month, or abqut that time, a
¢ globe projeis from the centre, fometimes. it is
¢ towards one fide, ar, inftead of a fingle globe,
¢ two will appear, one on each fide ; the produc.
¢ tion of them is not always alike: Twa, three,
¢ and often four months have been required for
¢ reproducing the head from one in the - middle,
' a.pgl the {amg from two lateral globes uniting,
o ¢ Pug
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¢ But from one lateral, I have almoft uniformiy
< feen an irregular produion ; for a large horn,
¢ furpaffing the matural fize, frequently grows
* from the extremity, and ftill preferves the pro-
¢ per organization. In my pofleflion, are feveral
< {nails which have lived a year without this irre-
* gular production undergoing any change.
¢ The renovation of the head correfponds with
<'that of the parts-already defcribed. At firft,
# the fkin is fmooth and not fthagreened ; it is al-
< fo of a lighter afh celour, and thus diftinguifh-
¢ ed from the old fkin, fo that the new head ap-
* pears wonderfully applied to the original neck.
* Many of my friends beheld thefe reprodu&ions
< with amazement; and you, along with the
% Jearned and celebrated Sig. Angelo Mazza, our
* common friend, when you was fo kind as to
< vifit me laft autumn. The difference of colour,
¢ which continues feveral months, - afterwards
# changes, and there is no diftinftion between
¢ the new and old 1kin, but a faint furrow at the
4 place of amputation, which alfo difappears in
“ time.
¢ DifleGtion proves the exa& refemblance of
¢ the reproduced to the original heads, becaufe
¢ all the parts found in the one are found in the
“ other ; and what is more fingular, although
¢ there is fome difference between the colour of
¢ the neck and the head all the internal parts are
‘fo
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“ fo connedted, equal and correfpondent in co-
< lour, fymmetry, and confiftence, that it is im-
% poflible to difcriminate thofe reproduced.

¢ Whenever the head is finithed, the fnail ufes
# the renowated parts to repair the long abfti-
* nence it has been forced to underge. During
* the beginning of O&ober laft year, I profited
“ by a gentle thower to examine all the animals
¢ that iffued from the fhell. -One of thofe peo-
* ple was with me who are naturally incredulous,
- “and never lefs difpofed te believe auy thing
“than what .borders on the marvellous. - Not
“ only was he obliged to acknowledge that the
“ head was really repraduced, but he -obferved
# one endeavouring, with its prominent teeth, to

¢ gnaw a particle of bran, partly adhering to the

* fhell, and in an inconvenient place. It wasen- -
< tertaining to fee, in the fnail’s exertions, the re-
¢ peated attion and re-aétion -of the open mouth,
< the foft lips, tongue, and teeth, turning the par-
 ticle a thoufand ways, until it effeted fepara-
. ¢ tion, and made itfelf a favoury mouthful.

¢ But this admirable reprodultion dees not
< fucceed in all fnails, and much lefs in thofe cor-
¢ refi;onding to the great fnails of Flarence, nor
< ordinarily in the fmall ones called gardea fnails,
¢ and efpecially thofe found in orchards adorned
+ with beautiful colours. My experiments were
¢ fuccefsful on the helix pomatia, itala, zonaria,
* memoralisy lucorum. Of more than three hun-

Yor. IL 8) € dred,
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¢ dred, which I have at different times decapitate
¢ ed, fome are flill alive without any regenera-
¢ tion, and fome with an imperfet and irregular
< produ&ion, and the head of others is com-
¢ pletely renewed. I particularly remarked, that,
< in the greater part that died, decapitation had
¢ been impraperly performed, or that it had been
¢ about four lines behind the large horns ; con-
¢ fequently a portion of the male organs, the ap-
¢ pendages to the uterus, or the uterus itfelf, had
¢ been cut off befides the head. Perhaps fome
¢ of thofe that have not reproduced, or repro-
¢ duced imperfeily, are of too advanced age,
¢ and their fibres have loft the neceffary foftnefs,
¢ flexibility, and vigour ; and, by induration, can-
¢ not extend to -adopt the propgl" form for perfec
¢ reprodyction,
¢ All that I have hitherto remarked happened
¢ equally to the fnajls of Reggio as thofe of
¢ Parma, fo that I have never obferved any thing
¢ deferving particular confideration in the latter ;
¢ which proves that fpails of the fame fpecies
¢ univerfally afford the fame reproductions, if ex-
perunents are corre(t. :
“ But it is time to termmate this long letter,
¢ which has undoubtedly exceeded the limits of
¢ your patience, . Comprifing the whole, you will
¢ only fee a conﬁrm.;tion of what you cautioufly
¢ advanced in your Prodromo, namely, that fnails
¢ p__o,ﬁ'cf,s" the property of reproducing mutilated
¢ parts,

~
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* parts,. that is, the horns, the foot, tail, and
% head. 'When obfervations are accurate, and

*¢ proceed from a philofopher fuch as you, who,
* in thefe matters, -

+¢ Siete: maeftro di color ¢he fanno,

‘¢ and ufing the requifite precautions, they thould
- eafily fucceed every where, and moft certainly
® do fucceed, .
¢ I fend you thefe pbfervatxons, not from bemg
¢ Worthy to-approach you : I know their infigni-
¢ ficance, and you alfo will be fenfible of it,; but
¢ becaufe. you have defired it, and that you may
¢ fee how earneft I am .to give you fatisfaction.
¢ Therefore, be affured that my only anxiety. is
¢ to canvince .you what efteem and fnendﬂuy 1
¢ bear towards you.”

Fic. L. , " Fie. 11,
aa The fhagreen fkin, aa The {kin,
bb The ovular globe, bb The ovular globe,
< ¢ The upper frens, ¢ ¢ The mufcle fetra&or,

d The mouth and teeth, d The globular -apper}dage
ee The cefophagus and fali-  of the tongue,
val du@s at the fides, ee The long under frena,

f The large horns, f The fhort,

g The muicle, & The fhortef,

h The genital organ, b The mufcle of the large
i The brain, : "horn, (horn,
1 The left lobe, i The mufdle of the fimall

1 The mandibular mufcle.

U2 ARTICLE
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ARTICLE III,—REFLECTIONS.

-« »

From the numerous fads in the preceding ar-
ticle, impartial readers will at once perceive that
when I firft announced, in my Prodromo, the
renovation of the head of the fnail, T only laid
open to the philofophical world an inconteftible
truth before unknown ; and that thofe authors,
" who have trufted to controvert my experiments

by.theirs, have been deceived.

The reprodution which Roos obtained muft
have been provided with a new brain, a portion
of the cefophagus, lips, tecth, jaws, and tongue.

One of M. Lavoifier’s fnails regenerated a new
head exaltly refembling the old, The brain
muft alfo have been reproduced, becaufe decapi-
tation took place behind the four horns,

No lefs decifive and judicious were the experi-
ments of M. Turgot, Tenon, and Heriffant. It

.is fpecifically faid, fome of the fnails were com-
pletely deprived of the head.

Muller’s experiments wonderfully correfpond
with thofe of the Parifian academicians; and
when I name Muller, I fpeak of one of - the firft
German naturalifts. The fame diligence, faga-
city, and circumfpeétion, which, befides the emi.
nent knowledge that charadterifes his celebrated

works,
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works; dre alfo diftinguifhed in his judicious me.
moir on fnails. .

Father Scarella, a learned naturalift and ma.
thematician, whofe death Brefcia has ftill to la-
ment, had the head of a fnail, decapitated behind
the large horns, fo completely rencwed, that, ex‘-
cept in colour,’it could not be diftinguithed from
the old one:

Schaeffer, whofe name alone is a fplendid
eulogium, does not mention the exalt place
where the cut was made j therefore it is neceflary
to confult his diflertations in German, which I
have notfeen ; but he exprefsly declates, that his
experiments and obfervations confirmed mine in
the moft ample manner. He alfo obferves, that
he has perhaps extended his curiofity a little fur-
ther than me, probably alluding to the repara-
tion of the foot.- However I had alfo witnefled
the reproduction of that part which fome call
the tail, that is, the pofterior extremity of the
foot ; and I have even obtained reparation of the

- whole foot, or the part on which the animal refts
in its progreffion. This is faid in the Prodromo,
p. 70, and repeated in the firft memoir. But I
rejoice to fee the fame reproduction confirmed by
a naturalift no lefs expert, fuch as M. Lavoifier.

The fnails deprived of part of the neck, by the
Abbé Troilo, perithed; but thofe that had loft
the head, and no more, furvived, and repaired.it

U 3 sompletely,
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completely. One moft convincing proof wad,
that the fnails began to feed.

The fame evidence was ngenby one ofthe fnails
decollated: by M. Senebier; an illuftrious Gene-
van, who has publifhed an excellent treatife on
The Art.of Obfervation. His precepts have:been
.enhanced by example ; for he has enriched phi-
lofophy with the beft experimental inquiries, and
lately with Memoirs on the influence of folar light
on the three kingdoms of Nature. There could
be no doubt of complete decapitation, for he dif-
fetted the fevered heads..

It cannot be fuppofed-that the experiments of
his. countryman were lefs convincing, that is, of
Bonnet, whofe works conftitute the delight and
admiration.of the age. How many. precautions
did he not adopt, to be beyond the fhafts of his
adverfaries! 'What precifion did he not ufe to
afcertain that the head was fevered! What affi-
duity, care, and diligence, in minutely-obferving
the phenomena of the repreducing head! With
what evidence and impartiality. does he not de-
monftrate reproduction! But thefe important
facts will be highly enjoyed by thofe who-confult
the memoirs  of that philofopher :. for F am well.
- aware that any fketch. or extra& of mine would
be but a faint and languid perhelion.

I fhould ftill have to fpeak of the three letters
‘from Sig. Galdani, Pratolongo, and Girardi, did

‘ L I nag
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1 fiot refle@ that the learned will better compre-
hend the import, on perufing the letters them-
felves. Sig. Caldani obferves, that only four of
his decollated fnails were alive 27 September
1782: He afterwards wrote to me, 19 April
1783+ ¢ Of the four remaining fnails, three died
* during the late cold. The fourth, which was
¢ the largeft of the whole, has for four days ﬂlewn
¢ me a very fine head:’ S

Sig. Girardi obferves, that the moment the
horns, particularly the larger, are divided, a
ftream of cerulean fluid efeapes. Both he and
I explain' this phenomenon, but we difagree in
the explanation. . In. my memoir, I have fuppofed
the fluid firft generated in the glandular parts of
the horns : he, on the contrary, thinks it is the
blooq of the animal, or a fluid analegous, that
fpouts from the. divided horn. On better ex-
amination of the fa&, ‘it appears that he is right
‘and I am wrong. Within the. horns, there is
truly a large veflel, which even extends over pari
of the head, full of that light cerulean fluid ;
and, when the horns are cut afunder, it becomés
flaccid and almoft difappears, by difcharging the
fluid whofe colour renders it vifible.

Pafling through Parma laft November, I had
the pleafure of embracing my moft efteemed
friend in his.own houfe. ‘He fhewed me feveral.
fnalls mutilated during the preceding fpring, and

U4 _ the
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she feparation had gone far beyond the head..
‘was anxious to learn the confequence, ‘which he
*was pleafed to communieate in the following pa-
#agraph.. .
. <I decapitated the fnails that you faw on the 15
¢ of May laft year, fully four lines behind the
¢large horns. In the fevered head were not on-
¢ ly the mufcles, and all the nerves conneéted to
¢ the oval globe, the falival duéls, brain, &c. but
¢ behind them the anterior portien of the male
¢organs, and more tharr half the appendages ef
¢ the uterus; including the angular part of the
¢ ovary,.fo that I thought it impoffible that thefe
< reptiles-could reproduce the mutilations. After
“keeping. one,. in which the cut had even gone
“farther, a long time in.my hand, and immerging-
¢ it long in water, within thefe few days .t ap-
¢ peared ftretching out its neck.. The rudiments
< of the large herns were evident at the extremity,.
¢ and below. them the lips and mouth.. . Almoft
¢ difcrediting my fenfes, I was ftrongly tempted
¢ to diffe& the fnail to fee the internal reproduc-
¢ tion ; but the external parts being incomplete,
<1 refolved to- defer my examination. I have
¢fince kept it fhut up in the fame box where you
¢ faw it, that I may difcover in future what per-
¢ feCtion the external parts will attain,

Parma,
¢ 13 January 1784.

B
, k
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. It muft be obferved, that a certain degree of
heat is. required for reprodultion, and not lefs
than 61°. Reprodudtion is finally nothing but a -
new generation, with this fingle inconfiderable
diftinttion, that in ordinary generation an orga-
nifed whole originates and unfolds, while in re-
produétion only a part of that whole is developed.
The fame conditions requifite for the origin of the
whole are required for the origin of a part, and
among thefe conditions is -heat. In man,’ qua-
drupeds, and moft other warpp blooded animals,
the feetus originates at any feafon, becaufe it is
matured in the body of the mother, where there
- is always a certain ‘degree of heat. Birds may
hatch their eggs in winter by means of their
heat. It is otherwife with cold animals : they
do not and cannot propagate except in warm
‘weather ; for during the reft of the year they are
in fuch a fitvation from cold, that, to judge by
external appearances, we fhould rather fay they
were dead than alive. Thus it is with moft in-
{etks, worms and reptiles, among which laft, fnails .
ought to be numbered. They neither eopulate
-nor generate except in fummer. Shut up in
-their caleareous dwellings, and the mouth cover-
.ed with the operculum formed of that vifcous
gluten exuding from the body, they remain mo-
tionlefs, and in a lethargic ftate, under the earth
all winter. Not only are they incapable of gene-

rating



‘316  ANIMAL REPRODUCTIONS.

aphides, gall infedts, wheel animals, libellule,
artificial fecundation, and fo many more which
rather feem poffible than true.

How far have thofe departed from resl philo-
fophy, who have called the reprodustion in quef-
tion, before endeavouring to verify it! Preju-
dices, whether favourable or unfavourable for any
fyftem, theory, or hypothefis, are in general fatal
to obfervation. When we interrogate nature, it
muft be divefted of all prejitdice and paflion,
which obfcures the fair face of truth ; and, with
an amiable indifference, we ought to judge
equally againft others as ourfelves. If, on the
contrary, we are prepoflefled with withes, dif-
truft, and doubts, we fhall behold experiments
from the fide favouring our defire, and not from
that adverfe to it. Our opinions will be incor-
re&t; and, inftead of adding ufeful fa&ts to phi-
Jofophy, we fhall ingcreafe the number of errors.

EXPERI.
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EXPERIMENTS
ON THE |
REPRODUCTION OF THE HEAD
o orym
TERRI:}STR_IAL SNAIL,
-

"CHARLES BONNET.

MEMOIR L

Tas only objet of publithing my experiments
on the reproduction of the head of the fnail, is
to afford an additional confirmation of the Abbé
Spallanzani’s beautiful difcovery. How much
it has been difputed out of Italy, and particularly
in Frange, is well known, There are naturalifts

| of
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of my acquaintance, who, after decapitating hun«
dreds of fnails without fuccefs, have conceived
themfelves entitled to conclude, that the Italian
obferver had allowed fallacious appearances to
impofe upon him. One, in a letter to myfelf,
did not hefitate to reproach me for inferting an
account of the imaginary difcovery in the Palin-
genefie, and for reafoning on it as a fa& coms
pletely ‘afcertained. I will juftly be thought,
that thefe reproaches did not in"the leaft impair
that confidence with which the ability and found
reafoning of the Reggian naturalift had infpired
me. Befides, he had communicated a full ac-
count of his interefting experiments in a courfe
of correfpondence, and it was eafy for me, only
by a trial of the facts, which the learned obferver
had feen and feen again, to judge of the prodi-
gies he laid before me, and which he foon pre-
fented to the public in an Italian Tra&t 1768,
which in the fame year was tranflated into French.,
But the author having there neglected to detail
the precautions he had adopted, to fecure his dif~
covery againit all difpute, I requefted him to pub-
lith an account of his methad, which he tranf-
. mitted in a letter from Modena, 11 September
1769, and it was printed in the Awant Coureur
30 October. This letter, though perfectly cal-
culated to remove all hefitation, has had but a
partial effect ; fome doubts ftill remain, and peo=

. ple
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ple continye oppofing to the Pavian experiments,
thofe which they fuppofe contradi&tory or appa-
rently confuting them. I have been induced
myfelf to repeat the learned Profeflor’s inveftiga-
tions, -owing to this conflit of experiments,
which has continued nine years. From- the ac-
count which I proceed to give, the impartial pub-
lic will judge of the confidence that it deferves.

", 'The fpecies of fnail on which I operated, is of
a middle fize, anld frequent in the fields or in
gardens after a rainy day; numbers then aban-
don their dark retreats, and in a fhort time one
anay colle&t-hyndreds. - The fhell of fome is yel-
low, or yellowifh ; en that of others are circular
black or brown faiciz, :

It is by no means an eafy matter to decapitate
a fnail, for the moment it feels the inftrument,
it fuddenly retires into the fhell. . Thus it is evi-
dent, that we may fuppofe a fnail is decapitated,.
when only a portion of the integumentsis cut off.
To avoid deception, 1 have ufed feveral precau--
tions. The fnail is allowed to extend as much
as_poflible, and an additional extenfion is pro-
cured by immerfing the animal in water. The
inftrument is frequently prefented before ftriking
the blow; and I never efteem' the operation com.
pleté unlefs the head is obtained entire, with the
four horns fully difplayed, and alfo the mouth,
ghich may always be recognifed by the opening
: of
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of the lips» The head, as it appears fome tinre
afer {painioftfromcthe tramk, >is 'reprefented a
- Jittle magnified, fig. 1.-plave 8. “Fhe. two' large
‘horne, ggiyare fomewhat “cofitradied ; the finall,
PP, are entheelyothrunlt. within ' dtemfedves. The

§ are veéry

propér for
are fhill lefs
- uniformly

- He
axds of the trunles & - - ‘ ’

- Immedietely after- decapitauon, the fnail re-
weats far within- its Yhell, and in generat does
not appear again. = A copious: portion of that
vifeous fluid, with which it-is fo-amply provided,
~is now diffufed. Some motion is perceptible in
the horns of the fevered head, and chiefly in the
farger ; but this very foon ceafes ; and I have in
vain tried te renew it by flimulating the head
near the origin, with a fcalpel. All the horns
" contraét to a certain degree inftantly on the ope-
ration, and the fmall ‘contra& more than the
others.- ~ - ‘ ,

. By a very fimple method, one may afcertain
‘whether the opération ‘is complete, namely, by
immerfing the decapitated fnail in water. It
quickly leaves the fhell, and extends as much- as
before décollation. Then we immediately fee

whether
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#vhether the trunk .is entirely deprived .of the
dead (1). The antesipr part of fuch a trunk,
«drawn from life, is npsafensed, .fig. 2, and the
prafile, fig. 3. plate 8. It is evident that the
#léfh is poweriully emiradied to-clofe the enor-
anous ‘wound.

The vifcous mattes, exuding after decapismtion,
forms a thin whitifh opereulum, which complete-
Jy ebftruéls the mouth of the fhell. Two -of
-thefe opercula ark fraguently formed,-one fituated
«above the other, fometimas there are three;; the
exterjor of which is mear the edge «of the -open-
ing, and the inmoft -more-or lefs within the fhell.

Though the decapitased fnail .can reprodyse
feveral opercula, the vifcous fluid is gradually ex-
haufted, and the ‘thell at laft .remains apen, qr
.nearly fo, becaufe the animal, being incapable-of
feeding while .deprived -of the head, cannot.re-
pair the continual lofs,of this kind of varnith. It
infenfibly becomes emaciated, which is evident
Vo, 1L X . by

{1) It may happen shat the {uail -does not extend fo
much as would be defirable, or.as is neceffary-for judging
of the progrefs of reprodudion, ‘but-it is only requifite to
take the fhell between whe fingers, afier.removing it from
the water, and the animal will foon extend as much as
poflible.  Great care muft be obferved to avoid touching
she fnail, becaufe the moft gentle mation makes it retire

: mto its fhell. ' :
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by the diminution of fize and an internal tranf,
parency. I have often been aftonithed at the
number of fucceffive opercula produced by de-
capltated fnails ; however, all do, not produce
them ; at the fame time, the fhells of very few
continue open. 3 Y

My decapxtated fngﬂ;/ \yere kept in ques
Some rernamed at the boxtom, athers attained the
fides, agamft which they applied the mouth of
the fhell ; others, afcendmg higher, reached the
covering, where they fixed in the fame manper. '
Thefe feemed to be the moft vxgorous, or had fuf.
fered leaft from the operation. .

- When [ wifhed to learn the ftate of the de-
capitated fnails from week to week, I had only
to take the opercula carefully from the mouth of
the fhells, and then immerfe them in very llmpld |
water 3 thus the fnails are forced to appear foon-
er or later, but they have fometimes remained
within for feveral hours after immerfion. This
smethod, to which I have always had recourfe, is
the beft in my opinion, for the fnails, then ex-
tending to the utmoft limits, expofe the ante-
rior part fo completely, that nothing can efcape
the obferver’s ej'e ‘They endeavour to leave
the water, and gradually attain their' purpofe,
if the depth is"not too great; or, crawling
flowly over the bottom and fides: of the veffel,
they advancg upﬁl they reach a dry pofition, and
‘ fix
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Hfix themfelves theré; ahd it is_neceffary, for-
forcing them B‘ﬁp,"t‘o".i?é’ﬂm'iﬁé'rgg:t'héﬁl in the wa
ter. Notwithltdtiding piivation of the Head, they,
advance forward as iF .they Had oné; "only their
progrefs is a Little'Howwer, < et Al S
- At firft; T decapitated only a .dozen'of fnails,
which Was on'tHe.8"8F Maj {777, I fepéatknd
it cannof be too Ofteri Fépestéd, fof I'am earmieft
10 obviate-the moft tri¥ial "8bjeltiotis, that deca-
pitation has nevetr beeh” 'é"ﬁ"ecined",\cf)i”i;ple'tel but’
when'I had the 'head eénfire, and accompanied,
by all its appendages, % nij tablet. The heads,
fevered in this mannér Were ranged together
along one fide of my tablet,’ where they ftill re.
Let us proceed, i 'the next place, to de.
fcribe the wonderful ‘reprodutions which fuc-.
ceeded befofe my eyes. Iwill not enter into
minute detail ; it is unneceffary, for my only pur-
pofe is to. prove the reality of the reproduction,’
in confutation of the detra&ors of the famous
difcovery of my friend the Abbé Spallanzani. .
- This reproduction does not preferve the fame
uniformity as that of the head of thofe aquatic
worms, which I mu’ltiplié& by fe&tians in the
year 1741, and of which I publifhed an account
3 few years afterwards. The reproductions of
the fnail prefent a number of varieties, which it
swould be tedious to defcribe.  Signor Spallan-
‘ T X2 zani
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zam has given | fome inftafices In his Prodromo,
and after him, 1 hav? n%‘entlbhed them i’ z Pa-
lingengfie, part 93 5 “the reaa?r is referred to thefe
two works, for 1 thould here confine myfe!f to

my own obfervatlons Caw b
A profile of ‘the anterior part, of a fnail deca-
patated 8 May, and dﬁhneated 31 ffhﬁe, is a lits
tle magmﬁed ﬁg 4 The twio I’argc horns, & &
gre beginniing to protrude’; the Jeft is further ad-
vanced than the nght, which is uﬂ originating.
A brown, or blackith Iine pfoceeds from the large
right horn ; this is the optic nerve ahd' its muf-
‘¢le; the various motions and ftru@ure &f which,
Swammerdam has' dﬁ'played to our admiration,
- Some tranfparency is perceptibie in the flefhi ; and,
2s it increafes greatly in fniails that have abftain.
‘ed a month or two from fopd, the optic nerve
d mufcle beconie much more evident, A
whlte line /, runs along 'the back; but I am
;gnprant whether it is a veflel. The anterior
rt of the fame fnail, viewed from before, is re-
prefented from the life, fig. 5% only the upper
extremity of the large horns is feen, and at the
extrenuty there appears a2 minute black point;
“this is the eye of the fnail, in which Swammer.
dam affures us he has found the three humours
of an eye, the two tunics, the uvea, and arach.
poid. Here the eye is already vifible; though
the horn is but in its origin, it is perceptible in
thofe

.
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thofe that have gven made lefs progrefs, as will
immediately be obferved: ~ The fmall horns have
no eye at t!mextremn,ty 3 “they do not yet dppeat,
neither are the new kips of the ‘mc}uth & vifible.
This fhail I thall diftinguilh by the letter A
The anterior, part of. m)other ﬁ;ad d

_June, is xgarefcn;eﬂ a ’mie ma, mﬁ,e
Reproduétion is fmnewhat advam:eﬁ fBr one f
the fmall horm, p, feems completely r€generat-

.ed, though its felloy ﬁas nqt beglﬁl to protrucfe
The ofigin of the I ¢ , whlch 'havc riiade
very little progrefs, ove the finall hén
&g This is a ﬁnking example of the v4rie-
ties which occur in the reproduétion c of the heid
of the fnail ; one of the fmall horns is far ad.
vanced, while the correfpénding horn is gtill ith-
perceptible, and the larger ones only begin-
ning to expand. Fig. 7 is a profile of the friail.
The tranfparency allows the optic nerve 7 to "be

feen proceeding from the origin of a large horn ;-

the eye is diftin&, and the lips of the new mouth
b are vifible, This fnail .1 fhall daﬁxngm(h by
the letter B. The anterior part, as o: the 2 of
July, is reprefented a little magnified, fig. 8, and
the fetion, fig. 9. The mouth b cannot be
miftaken, nor the large horns with -theit eyes,

8¢
Another fnail, which on the 23 of June feem-
ed % have completely repaired the ‘head, fhiall be
X3 ‘ deﬁgﬁed
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" defignedobysiCu, . The .feur homs were petfed;.

CWIMe Ay 21k JULYe: 5 o 44 - » _

* I have already obferved, that the eyes appear,
-although the large horns are but beginning to be
repaired. This was evident in a fnail decapitat-
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to the utmaft, sand I have ufed the fame precau.
tion with all the reft. . In that of which I.now
fpeak, neither the {mall horns nor mouth yet ap-
pear:

When the large . horns are rem&ed, the black
pomt or eye is.eafily perceived within through
the flefh, I have frequently difcerned. it with my
naked eye, and even in thefe fnails whofe reprp-
dudtion was very little advanced. - .-

I fhould not negle&. to_ohferve, that of thc
twelve fnails decapitated.8:May, only .one died.
All the reft ftilk feem to be well, 27 July : ~bug
the progrefs of reprodu&ion is veryivarigus: In
fome, it is no more than.begun : -in othersy the
large horns alone are repaired;. the erigin.of the
fmall ones is imperceptible, and the moathiis ill
defined. ~ Some of the large ] horns are guly, 3 hal¢
or two- thxrds of a line in length Sueh are thole of
the fnail, which has hitherto been dxihngu;ﬂaed by
the letter A : the anterior part, as it appeared 1.
] X4 June,



328 ANIMAL REFRODUCTIONE.

June, sreprefanted figh. 4.. and-aeittas 26: July;
figs 3. Semething finguler.is- prefented by
the large lioms : sbey are diieksy in proportido
to their lengphi ian thole of unsawtilated $hails.
. A theremtramity, we remark a kind of deformity,

- whieh: fepms pooduced by a cermia plioation of
the flefh, :
pearance. .-

"The colouy

generally t
and very m
veriiag the
in the anterior part of another fradl) -unlefs: 2s 2
prominence. arifing, &, fig. ¥g. -} - '

- J.have commonly remarked, as well as 8ig.
Spallangani, feveral confpicuous irregularities in
the reproduétion of the double parts of the fame
fnail. . Sometimes-a large horn only half or two
tlirds-of the length of the correfponding horn
appears;, or the latter is fcarcely vifible. Likewife
a fmall horn will be completely regenerated,
" while iter fellow is Lardly perceptible or not
at all. I have feen ome half of a lip reproduced,
and the other fally repaired.

I may limit myfelf to thefe few examples 5
they will- be fufficient to give an idea of the va-
rieties prefented by the- regenerating head of the
faail. It feems to me, that they infer the repro-
d¥tion of one part' to be independent of that of

another =

4

e
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another : forshowscanswe. denyttyiaogs bern i3
completely reprodusdd, . whileushemelt are invi
fible, or, only begiming o geow ? «fFis muft be

confidered a mofrimportantfa058n G thetdyi of
thefe adinirable: reprotuGions us b findionis

of the fame fpeties, tswating: them precifily. fimi.
lar to the fr@: abovd. two.thirds: hawe! poriflod.

raw and wet. At fanwrife,: Reaumur’s thertmo-
meter ftood at 4,5, 6% abm*e:fmezing owifdtne
days in the fifft wesk of July. (1. . -
At prefent, this dxﬁ:u&omikall‘he nmi&'urtbet
-extended, for I intend:to tefume: the. fubjeét i
another Memoir: . bat._énough..has been fxd
to prove that sothing is more cemain: shan
the wonderful reprqdution. I knéw: not whas.
to think of the fruitleft attempts.of fome philofo-
phers, and particularly thofe of Meffrs Adanfom,
Cotte, and Bomare. Perhaps they lmze too foent
declared the flate nf‘theiz.cxperimems',: or taken

{1 ) About 41° 43°, and 45 of Fahx:enhm s xhermo%
ter, -To
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for equinocalrwhat was a real reproductiom: . 6¥
perhaps thex thoughtythe fosils {till ative. were
dead... - In this. cafey citis. requifiteite;havexmiich
Ppatience, and, sboveall, to dafpainief nothing. 1
do nat fpeak.af the shivetfitinsswhich the difference

with new_ fadls, -and; ene .whish..eannot be:;too
deeply inveftigated, They: peflefs: far-more in.
formation; talents, and ability,sthan are ngceflary
to fucceed in experiments of, this nature: and; I
may predictithe moft; complete fuenefs if they will
not be difcouraged, and if they will. progeed .in
the manner I have done, .2 1 Yy
. M. Adanfon wrote to me;.cogcexning his own
cxpenment&, 30 July 1769. .. 1 begin to have a
¢ philofophic- doubt.. concerning the.regeneration
¢ of the head, borss, and jaws of fpails. My ex.
¢ periments, diverfified to infinity for above a
¢ year, on fourteen or fifteen hundred fhails of
# different fpecies, canyince me that my doubt has
] ¢ foundation,
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.4 foundation. “cI:have, as every one hus had, re-
.¢ produétions; ewen very :immiediate omes; -of
¢ horns, headsy:lsps, and other parts ; but ithefe
.$ were reproduliony of . parts: that had not-been
¢ entirely cutoff 2+ forall:the headsg: Fofayy. the
. real heads; all the:horns; all W jaws;.and the
.¢ other parts: wehich: have beenscompletely cut
-¢ away, 'and onlyna quarger of rw.dine: from the
¢ griginy never exhibited amekind oof reprodud.
- Gtion, far lefsqa complete regeneration. - Lt us
- “be ftri®, and. dvveftigate . thestroth, - All whe

.¢ have mutilated fadlsi andofirlt :8ig.: Spallanzan
¢ havé certainly been deteived. Vhey have thought

< the head" wasfevered, when: the '6ap only has

“een cut off : theyshave believed: that dhey -fe
 parated or eradicated the horas and jaws, while
¢.the origin ' alwsys; remained:; whence it is not
¢« wonderful if reprodudtions-enfued. - Thefe, ysi
& will candidly admit, are /it reprodudtionsy of
¢ rather regenerations, fuch-as you, M. Trembleg;
¢ and Reaumur, hadifeenin freth water wormsj

¢ the polypus, the claws of lobfters;—-—Hﬁw&many
¢ well credited operations have deceived perfons,
¢ lefs familiar than us with fimilar eperations:gxd
¢ the anatomy of fhelled animals! - Fheyo:liaye
¢ thought thas théy had completely tut ofifo/tnany
¢ heads, horns, and mouths; beyond theorigin?
¢ which,-in every journal ‘and . periodical paper;
¢ they have fo hberally regeneraeed‘:gA L mpivenlt

. ¢ aware
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¢ awars. of - our deficiency .in. moft: mice expetis
¢ ments ; and, notw
¥ risde, 1 pry alsg
< in the.anatamyofi t
¢ diffruft myfelf. -F¢
¢ the fameexperinia
¢ dred. times, - befors
«.the public. Lhawg
‘.the fiyit, -to, gpprob
¢ Sig. Spallanzasi, -
¢ whet might have
¢ oppratedion 2
¢ diverfified my
¢ perfon, to judge o
& fore  the academy,
¢ only one who has
¢ which | inveltigate
«It is nearly.the fam
¢ parts of mewts, foveral fpecics of frogs, toads,
¢ tadpoles, &c. . ‘When part of thie tails and feet
¢ ware amputated, I have feenr fepfible reproduc-
¢ tions ;: but none when thefe parts were am-
¢ putated <lofe to the origin. Confider my ex-
¢ preflions well, regeneration and origin, on which
¢ your principles reft fo much, and there is no
¢ attual reproduftion. And.I hope you mll do
* that juftice to_my doubte, as to acknowledge
¢ that Sig. Spallanzani -and,. his followers. have
*t00 far extended their expxﬂiong of regenera-
. ¢ tions,
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 tioms, which wire‘énly pari#l reproduions of

*partst 0 90k ol wion L be, &t
\ Pl the Rumerot lexferitiéfils w¥d deubes -of
my“’éﬂu&iﬁ%&bﬁﬁﬂ%ﬂ?’l‘%”é@ﬁé&’oﬂly
the létrer '#6 1H& Fdmithe 1AbHESpallanzani,
cited in thie begMAg DRI Weadfe, wWheteih
he Qetaily 41l s precaRtion Oto avoldrerder. 1
fent' ¥, Adisitof’a edpy of ehiy ldtter, But R dig
not produce thaefiler Son M iind whith Inéx-
peéted s 'y, He Ml Pedfifed tAhR doubts when
Hiéwrote™ to *fne, 2 §Fuly nspys.t ¥ Flte vatious
' parts amphdfdDUF tors H6R onfy from @iffer-
% ent fpeciés P MRSy, BNt AHG From feveral other
¢ aquatic'anindR ¥ frogs]” toads; newts; have
- ¢ produced o oPgahiged Peprodii®ion 1o me, ag
s the mutilaféd part did %4 Stg. Spallsheant, - T
thave divetfifed the ‘\éxpﬂiméﬂt%’,'*vihich ‘my
¢ friend Mr NeddWam! and>forhe ‘other gbfervers
#'of 'this rank'have vieteed)] to fuch'a degreé,
s Yhirt'we'sl 2t it cerdain{iwhen ‘the operation
§ has'been’” cippléte; the' fepiodadion isbut a
¢ fruttip;’ that ds,’4"inafs 'of flelf unorganized or
¢ differently organized.  And Signor Spallanzanj
¢ fiéuld know that the' obfervations‘of ‘our moft
¢ celebrated anatomifts haye proved, that the re-
§ produ&ion df the'tails of liztirdsy whieh are fo
¢ common, although externally well formed,
¢ prefent no regular offification ‘25 the reft’; nér
'$ haye they any internal wéttebrs,? 1»
) , ' M. Adanfon,
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hogi¢,that the experiments, which 1 now publifty);
with triuasplitover the incredulity of our learned
ad¥demician ¢ ~ Doubtlefs hie:will not fufpet that
I teve-deprivedithe fnails only-of the.cap, to ufe.
his-own expreffion ; for the head fo: completely.
and fo perfectly feparated from the trunk,’ as re-
prefented fig. 1, will not allow the leaft fufpicion.
to-remain. ‘I muft requeft. .M. Adanfon to con-
fider all the details of my experiments; and to
attend to.theable defigns:of the artift, which ad-
mirably reprefent the regenerations I have wit-
nefled. They might eafily:-have: been further
extended, but-I do not efteem it neceflary to the
purpofe I rave in view. - Should it be objected,
that the {gail. drawn from ithe:life, fig. 10, 11,
ha#d ot then touched the young wine and lettuce
legves : with -which it was fupplied; I may an-
fwery that'ituhasigiven the mofl indifputable evi-
denoe 1o bemg provided with very good teeth ;
fory ot the a4 of July, it began to eat the' paper
goveting' the mouth of the veflel where it was *
B ‘ ~ confined
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ronfined, and voidéd. famenwell .formed gxcres
ments, the colour and confiftenee of which being
axa&ly like paper,. indicated. .that they were, lts-
remams f'l" T et mn
.M. Adan{omalfadnubtﬁd the repmduélmn of :
t.he; mmembers: pf ¢hemewt, whichhas besmcdo fully
afcertained - by-dbie numerousiexperiments/of Sig+ .
nor .Bpallanzapijviandy the  puincipal refults pub-.
lithed in: his inteefting Profpedtuss768. . In the
letter of 30 JulyrntrpssHM. dddanfon ehlerves,
¢ Wheneyer: the operation on::mewts. has.been .
¢ complete, only the.flump of: 2 feproduslion ap-
¢ peared, that is,- a;mails of-flefh uharganized or
f differently organized ¥ _sad.he:cites the tefti- |
“ mony of Mr Nesdham, and fome other obfervers._ -
But what wilk-M. Adanfop himfelf fay, . when I..
inform him that; this.pretended ftump, -.or imagi- °
nary lump of -inorganic flefh, is: the member itfelf
perfeftly formgd, concealed under this deceitful
;;\ppearan,c‘e ; 3nd which has begn- completely de-
~ vyeloped beforg me, as I had. fommerly feen
the evolution of the head and ail of thofe aguatic
worms, which werg,;multipliedsby beisg cut in
pieces. Inimy: cabinet,, theregne. actyally newts
completely repaiygds. 0f whieh I.fhall publith a
hiftory in a futyre;memeir, agcompanied, by ex-
cellent defigns, . Ouv eglebrated academician
has therefore been_ prgcipitate, in his ~gpinion,
when hethought he only fulpended it. He has
; - decided
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" 10 nat 1n fen or'twelve days, -they proceeded

. from the fhells crawling abaut with matilated
“horns.  The fnails, which loft the diagonal half

¢ of the head, difplayed no more than.two horns ;

* but all thofe that'l had completely decapitated,

¢ which were by far the moft numerous, dieg in

* a few'days, except:two, which lived five mounths
* fixed to a wall, and died in fpring without in.
# dicating reprodution of the head. I have
“You. II. Y * made
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Although the head of the fngil is a very cem-.
plicated little machine from its ftruture, as k

16y (plomen oar Myens ead elient Loiainod
ol v Delihgensht Pl iphipws Phevgs miw-odition of La
Gontemplpisn ¥p-4a: Mabuoti 1 Past-gp-chay 294 Notd g4
-3d 1w 10 (barsquuxs Heoibst 918 W 1uqqr
19diie boouborger som o5 okt caigho ey wol
~insgro sms} srds dtiw 10 (10} smel o oL
10 ow? betsllosob oved vo¥  erched s niiten
X xesz ¢sMoer bas 8 celisnt Yo mo
Ystyai I s (ebgad ads boravel wo¥ i cvuil<t
~01 i 35y ; migio ot buoysd esmit ows uib?
-goi1s19093 lo =31sq ady 3o gmiasgo ot obyew
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4 threeylezen of fails, 8 and 12 May 1777, I
¢ believe it. You fevered the heads, as I myfelf
¢ did, two lines beyond the origin; that i tos
¢ wards the opening of the parts of generation. -
. Y3 - ¢You
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¢ Yowhave taken rromeach fevered head, as-<1
*bava done,  the upper,jaw entire, anid the ocu.

“.Iated hom a}fo WLW#KWQ gr three
< months, m: : June apd ; July; you, have. feen a

 %third of. ﬂl:efpaﬂm evenielgven of the twelve

seproduae; 3, complete. head,
Wik the- oy v foped

n

‘on whigh it is foupd- -
‘"havs Tfeyved tp. gonfirm. the, acquracy of m)
. gpeyations, andcegtain.proefs: thay my. fnax,'ls.
aadinos apparently, decapita-
‘;ed. .. Tg.obrain the fame certainty, take the
of ‘MS:XO%'RW (that .is,
" hundrods, o the great:mortality
Salpt will eafug) dmall: fpecies, ;called
wthelaogpey, whgn you, mads we:.qfy. and is
g&eat, Inbrigity ;and
the k% AR Agility. pyapar-
L tigned fp .. dod, mpk have millea

: ﬁYﬂ“a %SJ‘W‘» 1o mg iy, my;fien

 atteippis, 3P4, obliged: me 1o abiagidan.it ;. sake,
“1 fay, the lgyge yelowith fmaikof thewine, nam.
“oi RO, ot Father, the dowy gapdan. fbail,
~ by, s salledd, she.gardenes, whigh. is almad 2

Wnﬂ Weswol emnmen of ally ﬁ@w
Y O 0T Cing
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M. Adation TEeaf-td fdproaediht Wtk nﬂ&g
fnﬂswmam § 00 fonieks, S thist the.
fiball fpecies whichwese afed Mt Gt deceived

- .[Fo tetmimste thigandedid 1oithe! iﬁj&éﬁc“ﬂ%f
cur celehimed Pyrrhoniftol 5l Here' fibjodt 3
evitrafhfrons astiager st brlwsele 4 Bk s i
Jamruasy ‘1gip@.sr ol buteqqul od e bsvs o
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“from the fhell, and-difplay the horns ; then Yhe
-operation fucceeded worderfully well; and the
¢ fevered head ‘will often keep die Yorms nearly
< as mach extended as before 8boflation, only
“they fink down amd appear fble; the head
* itfelf contrafts and contentritdy very mch.
* Ir dilwves, if foaked feveral houns in water, and
< Ducomes foft ; ‘in which fiate it can eafily be
* diffedted. -
< I bagan the dilloltion dofe to the cut ; and,
< after removing ‘the integuments, 1 could dif-
<+inCtly fee the divifion or diftribution of the
_ <nerves proceeding to the eyes, ‘and the other
< parts of the head. The fisuation of the ofo-
¢ phagus, and the mufcles ferving for the different
< motions of the head, were as diftinly obferve
<ed. Sometimes § examined the whole or part
¢ of the feparated brain, inftead of the nerves.
¢ By contiming the diffeltion, ad extending
¢ it further, I could cafily trace the different
« parts, even to the places of infertion in the head.
¢ Without the leaft difficulty, I found the throat
¢ of the animal, its tongue, lips, mouth, teeth,
* €the four horns, with their nerves, mufcles, and'
4 other appendages. The homs rmgln be re-
< prafied intd the head : 1 had ahly to pull the
4 end of the disided mufcles. '
¢ Thelé, wry deat correfpordust, are the molt
’ m parts that prefented themfelves to
¢ view
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< I flatter myfelf, that my treatife on the reproZ:
¢ duftions of fnails will be fo rich in experiments, .
<.and that they will be fo amply and accurately
¢ defcribed, as to convince the moft obftinate in--
¢ fidels.’ .

The reader may now decide whether I had any-
foundation for reproaching the excefs of M..
Adanfon’s pyrrhonifm concerning the, difcovery
on fnails. It is truly moft fingular, that he perfifts
in his doubts, after the perufal of a letter fo ftriG-
ly demonf}rative as that 1 have juft tranfcribed. -
- How many phyfical fa&ts are admitted by philo-
fophers, and by M. Adanfon: himfelf, which are
no better eftablithed than thofe of which we treat.
Shall I fay more ? M. Adanfon ftill retained his -
doubts g O&tober 1779, as 1 learned from him--
felf during’a vifit he thew paid me on a journey
for the recovery of his: health. At that time, [.
had no fnails in full zeproduction, but I had the
fatisfaction of convincing him, by the teftimony
of his own eyes, of the reality of the prodigies
prefented by the reproducion of the members of
the water newt. I fthowed him newts in various
ftages of reproduction; I"fhowed him arms, .
hands, thighs, legs, feet, perfectly well formed.
He yielded to fo many.accumulated proofs; and :
was convinced that what he had erroneoufly fup--
pofed fimple ftumps were attually real members.
which would be completely regenerated..

> . k
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1 now return to my experiments on the repro-
duction of the head of fnails. Thofe whofe pro-
grefs I mentioned in the firft part of this Treatife

_died before finithing the reparation of the head.
They became much emaciated, and affumed a
'tranfparence which is unnatural to fmails. One,

-whofe anterior part is reprefented, fig. 12. repro-

duced a large horn only, about a line in length,

“but much thicker than a large horn beginning to
. protrude, fig. 15. ¢. This fingular horn, which
feemed to be formed like a kind of fpindle, had two
eyes, fig. 12, o, 6, very diftin&, and each with its
optic nerve. The whole is magnified, fig. 15 : the
part reproduced, which is always lighter than the
Oriéinal fleth, is indicated by the flight fhading.

On clofe examination of the horn, it was imme-

diately difcovered to be formed by the union of two
hotns, which were as if ingrafted on each other.
There was no mark of a mouth, nor were the
fmall horns perceptible in this fnail : therefore,
how can thete be any doubt of complete decapi-
tation (1) ?

In fpring 1758, I refamed thefe experiments
on different fpecies of fnails. " Their different re-
produétions prefented varieties fimilar ‘or analo-
gous to thofe that I had obferved in the fnails de-
capitated the preteding year. One among them
refembled that which is juft mentioned. Tweo

Z2 eyes

(x) There 'is here fome maCCuracy in the ongma!
which I am unable to correé't.—-T

1

Z
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eyes could be very diftinétly feen in ‘the left horre
of a fnail that had begun to reproduce the -mouthi
‘and the two large horns, fig, 16,.¢, ¢. The ante:
rior-part is here reprefented larger than life.

‘ Durmg the whole courfe of the year 1778, 1
¢ontinued to attend ‘my fnails. The progrefs of

: reprodu&fop was very unequal as ufual: and
none completely repaired the head ;

t ‘1 decapitated twenty- four fnails of the fame
fpecies, 26 May 1780, and confined them in vef-
fels after the operanon ~Several ‘attained the
fummit of the veﬂ'els, and attached themfelves to
the fides, or to the paper covermg over the
v'mouth The greater part fhut up the fhell with
a very thin operculum at dlﬂ'erent degrees of

' :depth within. - :

_ Several of the decapitated fnails being immer-
ged in water, that I might judge of the ftate of re-
produétion, g September 1780 : two exhibited a

‘remarkable monftrofity. One had a finglé large

‘horn only, very like that of fig. 15. and was evi-
dently formed by the union of two horns. Two -
fmall fhining black eyes were at the extremity :

_each provided with an optic nerve perfeily vifi-

ble through the tranfparent flefh. This monftrous

horn, which was about a line’ long, appeared
thicker in proportion than that of fig. 15. It

v greatly refembled a fpindle, being cut even at the
extremity, and all nearly of the fame thicknefs.
But it was deerent from the other by a more im-

portant
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portant diftin@ion. A little under the eye, on
the left fide, was feen a very minute tubercle,
which feemed to be a fecond horn growing ont of
the large one. 1 fought in vain for the parts
conftituting a mouth in this fnail. No veftiges
of it could be difcovered, ‘por was there the fmall-
eft mdlcatmn of the two fmall horns.

" The fecond fnail. exhibited another kind of
monﬁroﬁty Only one large horn had protrud-
‘ed ; but at the extremity I thought I could difcern
three black eyes, which were fo clofe, that they
feemed confounded together, fig. 17,18 : the fi-'
gures are magnified. On the upper part of the
horn were very dlﬁ'm&ly obferved three parallel
optic nerves, only one of which proceeded to the
three minute eyes. Under this horn, and at a
httle diftance from the origin, a very fmall one
" was dlfcovered apparently firft begmnmg to ex-
pand Here, as. before, there was no vifible i in-

dication of the parts forming the mouth

1 examined the two fnails- again on the 2 25 of

 O&ober, both with the naked eyeand a magmp

fier. Reproduction had made very fenﬁble pro-
grefs Orly eight of the whole fnails were now
alive, and all of that fpecxes wnh a ycllow or
yellovvl[h {hell The other ﬁxteen had penfﬁed

{ome fooner, fome later.

The fix fnails, whofe reprodu&lon I had riot
yet exammed were 1mmerfed in water.” Moft of

Z3 S them
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them had made but little progrefs, and fhewed-
only the origin of a fingle horn: Two eye-horns
had protruded in one alone, at leaft a line and
a third in length, and the optic nerves fo large,
or v1ﬁble, that they feemed to darken the great-
eft part of the horns; but the fmall ones, the
lips, and the other parts of the mouth, did not
yet appear. This fnail obftinately remained in
the fhell, though immerfed in water more than
two hours. Sufpetling its death, 1 had taken it
out ; and, not before an interval of feveral hours,
was I agreeably furprifed, by fecing it proceed
from its fhell of its pwn accord, and difplay its
new productions before me.

In another Memoir, I fhall glve the hiftory of
. thefe eight fnails,

After experiments on fnails of the {malleft fpe.
cies, it was proper to make them on the largeft,
"This I began to execute, 24 May 1780, on twelve
of the largeft that are found with us. We
may judge of their fize, compared with the fnails
which have hitherto been the fubjett of this and
the preceding memoir, when the diameter of the
mouth of the fhell of the latter was at leaft nine-

teen lines, and that of others, only four or five.
In 4 few weeks, half my fnails died, and
exhaled an exceffively feetid odour. On 13 Au-
guft, I immerfed the fix furv1v1ng They pro-'
- ceeded from then' ihells 5 and I faw that the im,
. _ menfe
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:menfe wound was perfetly cicatrifed, but no in.
- dications of reproduction were perceptible.
Towards the middle of O&ober, other two
fnails died. On the 18, the four remaining were
.immerfed in water, where they remained more

~than three hours without appearing. With my

-nail, I fcratched the laft volute of the fpiral, but
in'vain. All my éndeavours were fruitlefs, and
the fnails obftinately concealed the anterior part ;
-they were then taken out, and confined in their
veflels. I will ingenuoufly acknowledge, that I
‘had little expettation that the fnails had made
.any.reproductions. ‘What,. then, was my fur-
_prife, when they preceeded from their fhells next
-morning, of their own accord, and exhibited un-
-equivocal evidence of reproduttion, and even of
reproduction .confiderably advanced. One, in
beginning ‘to repair the head, had two large
-horns about.a line in.length, fig. 19.  The.left,
¢, which was thicker than the other, had two dif-

tin& black eyes at the extremity. The right.

horn, on the contrary, feemed to have none.
No regeneration of - the fmall horns, or mouth,
-could yet be difcovered. -

Another fnail had likewife.begun to reproduce
two large horns, nearly of the fame fize as the

_preceding, but the right horn was monftrous ; it .

apparently terminated by three fmall foft points,
£ig. 20.

Z 4 \ The

ot



360 ANIMAL REPRODUCTIONS,

- The reprodution of a third" head was an,
nounced by four or five fhort protuberances,.
where the large left horn, bearing three black
points, or very. minite eyes, was alone vifible,
The ‘whole is magnified, fig. 21 ; the three eyes,
a, b, c. Twa, inftead of being at the extremity
of the harn, were on-the fide ; one, a, more evi-
dent thap the other, 4, and the third was a little
below the other two. - It was impoffible to dif
cern the optic nerves through the fleth, for the
reproduétion was yet in an early ftage. \ Under
the horn were two protub'erancés, 2, the nature
- of which ‘could not be known ; but I fhall con-
tinue my obfervations on thefe large fnails,” and
give the fequel in another Memoir, .
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 MEMOIRS
‘REPRODUC;i‘ION OF TI;IE.MEMBER'S
; | ‘ — OF THR | |
 WATER NEWT,"
3Y R |

. CHARLES BONNET.

MEMOIR L

WHEN the prodigies of the celebrated pO]ypus
‘aftonithed the world, M. de  Reaumur ventured,
to predi& to the Academy ‘of Sciences, that it
"would not be very long - before many other ani-
mals were dxfcovered whlch ihould prefent the
' : fame,

’
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fame, or analégous-wonders (1). I was the firft
‘who had the good fortune to verify this predic.-
tion, and it was foon confirmed By the moft ce-
Iebrated obfervers.(2). Various fpecies of frefh-
wager worms, earth-worms, fea-nettles, and fea-
ftars, reproduced like the polypus, from fec-
tions (3). Thefe difcoveries were an immenfe
addition to the riches of organic.philefophy, and
an inexhauftible fource of meditation for the phi-
{ofopher. But we had not then attained their
‘limits. New prodigies, perhaps meére wonder-
ful ftill, were to be unveiled to naturalifts ; and
to the illuftrious Abb¢ Spallanzani was the dif-
<overy referved. It is already evident, that I
particularly. allude to the regeneration of the
Diead of the fnail, and the members of water
newts. People have doubted, nay, they yet con-
tinue to doubt, thefe beautiful difcoveries, and ad-
«ditional confirmations feem to be defired by the
impartial public. I have begun to give fome in
my Memoirs on the reproduced head of fnails;
-and there, in my opinion, is the reality of that
xeproduction
- (1) In the year 1740, Mownsises ﬁof [e; ;{fa{ype:, by M.
Trembley Leyden, 1744, 4to.
(2) In 17*1, Trazte d’Iuﬁﬂologxe, Part 2. Pans, 1745
8vo.
(3) Reaumur, Memoires ﬁ;r les Irgﬁc’iu, T. 6. Preface,

page 49. Edit. gto,
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reprodudtion afcertained. In a fecond treatife,
1 proceed to relate recent experiments on the re<
produétions of water newts ; and it will be feen
that the renowned Reggian naturalift’s difcovery
here, is no lefs’certain than that of the head of
the fnail.

It is unneceflary, in this place, to defcribe the
newts which were the fubject of my experiments;
they were exattly the fame as thofe defcribed in:
M. de Bomare’s Dtﬂtonazre d’Hjftoire Naturelle,
~ which is'in the hands of all the world. A newt of-
full fize is reprefented, plate g. fig. 1. Thefe ani-
mals are of a deep brown colour, covered with
round or clhpncal tints, almoft black ; the under
part of the belly is dark yellow, and covered
with black fpots, and the fkin of the fides fhag-
reened with whitith or yellowith tubercles. ‘Young
newts are different, being of a yellowith green
colour, with light brown fpecks, or minute lines.
But I again repeat, that it i§ not meant to de-
fcribe the animal, but only to give an idea of
the wonderful reproduéhons which I have bes
held.

I. Method of preferving newts.—The newts are
kept in large glafs veflels, full of freth water,
which is renewed at leaflt twice a week; for it
becomes turbid in a few days, and it feems injﬁ-
rious when too long of being changed. - Only
ene is put in each veflel. From time to time,

they
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they rife to the furface for refpiration, and, after-
difcharging feveral large air bubbles, immediately
dive to the bottom.. ‘Thefe little quadrupeds are
perfe@tly innocent, and may be handled with
fafety. I have.often held them without the fmal-
left attempt to bite. I have even mutilated them-
in my hand with impunity. This remark is ne-
ceflary, becaufe there is a prejudice. general a-
mong country people; that newts are very dan-
gerous.animals (1). . ’ ,

. I1. Food.—The newt is carnivorous ; it feemé
to care for living infecs only, and is induced by
the motions of the prey to feize it. In this it re-
fembles fpiders and ant-lions, which refufe to

. touch-dead infets. :

- Thefe animals can fupport the want of food
very long. 'Some of minie havelived two months.
without it.  Sig. Spallanzani had remarked the
fame ; and obferved that, although long deprived
of nutriment; they reproduced their members e-
qually well as .thpfé plpnﬁfully fupplied with fuf-
tenance. . .

In my opinion, no mfe& is better adapted for
food than the earth worm : “we mdy almoft af-
firm, that nature; has purpofely prepared it for
feeding various animals. There ‘are few places
where worms do not abound ; and as they may
. e . N be
. (1) M. de Maupertuis firlt proved that newts are ﬁer-

" Raly innocent, Mem. de I’ Academ. de Paris, 1727,
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be divided into various pieces, and flll move,
they are admi_rably fuited for the food of newts,
Another advantage attends them, which is the
property of remaining feveral days alive'in water ;
and it is their motion that particularly excites the
appetite of newts. , A worm prefented on the end
‘of a pencil, or dropped into the water, is feized
~with a fudden motion of the animal’s jaws, and
" fwallowed alive, with gentle fhocks of the whole
body, and efpecially of the anterior part. - A
confiderable time is occupied in “fwallowing “the
worm, if it is large; and it ‘fometimes remains
two or three minutes in the newt’s mouth, fold-
ing in various fhapes whtle life remains. The
portion hanging out very much refembles a long
thick tongue; and its numerous cdntorﬁons ex-
hibit a moft ﬁngular fpeQacle. .
| _ M_y newts have always appeared to fwallow
their prey without maftication ; hdwevef, they
have a number of very minute teeth which un-
doubtedly are not_totally ufelefs ; and they ferve
to retain the prey, if gttemptmg to efcape. :
A large worm, feized by the middle, is feldom
fwallowed in the fame pofition, ‘becaufe it is too
 large if doubled in the mouth ; and the newt
gradually fhakes it out, until it can feize one of
the extremities ; which being accomplithed, the
‘worm is foon devoured. ‘However 1 have ob.
ferved a large one fwallow'a worm taken by the
‘ middle,
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. middle, wuhout feizing an extremity; but 4
quarter of an hour was occupied in the meal.

" Though newts are provided with flexibley
jointed fingers, it is remarkable that they make
no ufe of the hand, either to feize their prey, to
* convey it to the mouth, or retain it there. Yet
1 have never feen it done ; they never feemed to
ufe their hands for this, or any thing elfe indeed;
- but fwimming (1).

They firft feem to fix their eyes ot their prey;
and immediately dart upon it open mouthed ;
and when once feized, it very feldom efcapes.
The fucceflive motions of deglutition are very
fenfible; it is performed by gentle fhocks, as we
have juft remarked. I have not obferved newts
fearch for prey; they take it when it occurs in
their way, or is juft befide them. A newt having
devoured a large earth worm, I fupplied it with
another above four inches long, and thick in pro-.
portion. It immediately fwallowed the whole, ex-
cept a line or two that hung out of the mouth ;
but the worm was foon thrown up, and the fame
repeated twice, yet the worm ftill lived.

R ) It

(1) Neither do toads, which have alfo articulated fin-
gers, make any ufe of them. . However, I have feen onc
fmall fpecies, which proﬁted by their aﬂiﬂance, to retain
the prey while devouring it

i

v
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- It might be fuppofed that the amputation of the:
Hmbs is moft painful, and that the animals would:
fuffer long and feverely from it: however, ofie
* of my obfervations apparently infers the reverfe.

X.cut the left hand and the right foot off a large

newt, and a ftream of blood, as thick as a hog’s

briftle, continued fpouting out nearly two mi-

nutes without intermiffion. Not only did the

animal feem not in the leaft enfeebled by the lofs.
of blood, but, in fcarcely a quarter of an hour,
to my great furprife, it {wallowed two earth -

WOrms. .

Sometimes. worms- are devoured entire, not-
withftanding all their exertions to efcape.. They
twine round the neck of the newt like a ferpent =.
every moment they become fhorter, and gradu-
ally difappear, according to the portion which:
enters the body. Thus hayve I feen a newt fwal-
low a worm, more than fix-inches long, in lefs
than five minutes. ,

1IL. Spoliation of newts.~It cannot properly be:
faid that newts change their {kin, for it is only
the epidermis. which is:thrown off (1) ; at leaft;.
the fpoil is fo thin and tranfparent, that it feems

- to correfpond with an epidermis only. It is of a

' whitith:

(1) M. de Fay has already remarked this fa& in his cu~ -

rious memoir on newts, to which I refer the reader, Memn
de L' Aend. do Paris,.1729,.
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“whitifh colour, and refembles  the fineft' gauze 3
indeed it is almoft as fine as a fpider’s web.
'What poets have figured of phantoms may be ap-
plied to the fpoil of newts. The whole body

. appears :’ we fee the hands, fingers, feet and tail,

: but all in a fhade floating in the water.

* When the period of change approaches, the
ﬁne fkin is obferved detaching .from the body.
The head firft lofes it ; ; then the reft of the ante-
rior part; next the middle, and the pofterior

~part.. Sometimes the fpoil, caft by the head,
forms like a gauze collar or cravat around the
neck ; -or it is adjufted on' the head, like a ca-
puchin or head drefs. o ~
** The “commencement of feparation, from the.
back and belly, is difcovered by viewing the newt.
obliquely from one fide, in a ftrong light. The
fkin of the belly is- further detached, becaufe it
falls down by its own weight. -

* Approaching fpoliation is recognifed by con-
fpicuous and- unequivocal fymptoms. The back,
viewed ‘obliquely, appears whitith, and as if co-
vered with a {pider’s web. This is the effe& of
the fpoil beginning to feparate. If clofely ex-
‘amined with the naked:eye, or a magnifier of
fmall power, it feems. compofed of minute fcales
‘covering the callofities or tubercles, which fha-
green the body of the newt.- But,- when ex-
-gmined wnh more attention; and in-a favourable’

ot “hght,'
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light, this epidermis is difcoveted to be a beauti.

ful reticulation, the ;mefhes of which are vifible

- to the naked eye. - v
Many obfervations could be made on the tex-
ture of this delicate membrane ; and thefe might

greatly tend to elucidate the nature and origin of |

the epidermis, which, notwithftanding all the re-
fearches of phyfiologifts, are fo little kriown ; and
_ newts would afford frequent ' opportunities for
deeply inveftigating the point.

From particular attention to the newts in my
pofleflion, I have obferved, that there is not the
fmalleft refemblance between this operation and
what is exhibited by caterpillars, and many other
infets. The fkin is detached hete and there,
and often in different fized plates ; and the change
- 18 flow, for it occupies one or two days, and I
have even known it take three. During fpolia-
tion, the newt continues moving about in the wa-
ter, with all the ufual motions of newts.that un-
. dergo none ; therefore it is no difeafe, and it
does not affeét them as it does infe&s. While

the change is going on, the animal darts on its

prey, holds and devours it

- Sometimes fpoliation is difficult to be accom- -
plithed ; but, in thefe cafes, the newt knows to
pradtifé certain manceuvres, to facilitate the ope- *

ration, which I have often beheld with pleafure.
It alternately raifes and deprefles the right arm
Vor. II Aa . aud
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and left leg, at the fame time with gentle vibra<
tions of the whole body. It frequently darts
fuddenly towards the furface of the water, and
the next moment precipitates itfelf to the bottom 3
and thefe maneeuvres F have feen continued a~
bove half an hour. But the fudden exertion, in
all itg mptions, -indicated that the newt was im-~
patient at the tedioufnefs of the change.

When moft of the fpoil is thrown off, and the
animal, to difengage itfelf from the reft, rapidly
rifes to the furface, it feems carried along in a
cloud; for the whitenefs, finenefs, and: femi-
tranfparency of the fpoil, floating around it, is no
imperfet reprefentation of a cloud.

I never obferved the fingers employed in de-
taching the fpoil. Beoth young newts and thofe
full grown caft feveral fucceffive fkins: fome
of large fize are in my pofleflion, that have done
fo before me. Reproducing limbs throw off the
epidermis as well as the original.

1 have feen the tkin of the head, which formed
like a collar or cravat round the neck, gradually
-eoma down the belly of a large newt that had

Ioft the arms, and faften like a tight girdle.
" Nothing can accurately be faid of the numBer
and interval of mutations. Between the 14 of
July and the 7 of September, a newt has changed
its fkin eleven times.

R - : 1 change,
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% change, 14 July. 6 change, 9 Auguit..

2 17 7 C—
3 20 8 - 19
4 24 9 24
5 30. 10 26
11 6 September.

Spoliation fometimes makes a flight change in
the colour.

IV. Reproduction of newts.—It is long before
1 arrive at that part of the hiftory which is moft
interefting, namely, the reproduction of the mem-
bers of newts. My experiments began 5 June
1777 ; and, in the courfe of that and the follow-
ing month; fifteen newts were mutilated, fome
very young, and the reft full grown. All the
former died, and feveral whofe increment was
complete. As this treatife is limited to the
fuccefsful experiments, thofe that were fruitlefs
fhall be fupprefied.

I fhall denominate the anterior extremities,
arms and hards ; and the pofterior, /ogs and feet :
circuitous expreflions will thus be avoided.

On the hand are only four fingers, but there are
five toes on the feet. It has already been remark-
ed that they are well articulated, and nearly refem-
_ ble our own.. They neither have nails, nor are
_ they connefted by intermedjate membranes ; but
I repeat, that my purpofe is to avoid defcriptions.

Az2 : ExrPERI-
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ExperiMENT L. The right arm and Ieft Ieg
amputated.—On the fixth of June, I cut the right
arm and left leg off a large newt, very near the
body. A ftream of florid blood fpouted a mi-
nute and a half from each wound ; however, the
vefléls foon clofed, and the newt was apparently
as well as thofe unmutilated. But it will eafily
occur that it did not fwim with equal facility. ..

When about a month- liad elapfed, I began to

_perceive a papilla, of a violet grey colour, near
the edge of the trunk or fetion. This was the
origin of a new arm and- leg, which gradually
increafed ; and, on the 14 of July, appeared fuch
as fig. 1, ¢, ¢, plate g.

The. two papille continued” growing on the
fubfequent days, but more in length than thick-
nefs. They became minute ftumps; and, on
the firft of Auguft, were about two.lines long.
Fig. 2, 3, reprefents the naturil fize : the trunk
t, t, which-has grown nione, and is of a much
darker colour, is clearly diftinguithed from the
reprodudtions, b,c. A kind of cleft, s, hardly.
perceptible, announces the appearance of two
toes, which nature labours to produce, or rather
to expand, on the new foot. No cleft appears 6n
the originating arm. '

The two toes. were eafily recognifed on the fe-
venth. They were real miniatures, and truly
moft minute, fig. 5. - The ftump of the arm,.

" nearly
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nearly as it was on the firft of the month, is feen
fig. 4. Itis now fomewhat larger, but as yet
there is no indication of fingers. Fig. 6. repre-
Tents it on the ninth.

It is pleafing to obferve the little hand fully .
unfolding, while only three fingers of unequal
length are vifible : the middle one is the longeﬁ:
The arm has made no fenfible progrefs. The
new foot had four toes alfo of unequal length;
the firlt and fecond of which are longeﬁ;;. the
other two only begin to appear ; thevfdufth“ is
fcarcely perceptible. One can never tire con-
templating thefe miniatures, and admiring the
wonders of the organic kingdom.

Evolution advanced every day. On the 22 of
Auguft, the regenerated members were as fig. 8,
9. They began to deepen in colour, fo that the
line, difcriminating the old parts from the new,
was no longer fo' confpicuous ; but the black
fpecks on the toes of unmutilated newts were ftill
imperceptible. ~ The difference between thefe
toes and thofe of fig. 1 is evident here. Four
well thaped fingers were already on the hand, fig.
8 ; but only four toes, equally weH formed, of
the five which the foot regenerates, fig. 9; and
they have to acquire more fize, confiftence, and
colour. : :

I continued my obfervatxons on the daily evo-
lution of the members ; and the following were'
" Aaj theiv
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their dimenfions in length, on the 20 of Sep
tember.

Old Members; New Members.
Arm, 4 lines., Arm, 2%
Cubit, 3+ ~ Cubit, 2%
Thigh, 3 Thigh, 2
Leg’ ' 4 Leg, 2-;7
Longeft finger, 3% " Longett finger, 14
Longeft toe, 4% ‘Longeft toe, 13

Even in the begmmng of O&ober, the fifth tog
of the new foot was not vifible,

ExperiMenT IL A newt deprived of the right
" arm and left hand.—On the 12 of June, I cut the
ieft hand and right arm off a newt : miy chief ob-
Je& in this experiment was to verify Sig. Spallan-
zani’s affertion, that nature reproduces exadly
the portion amputated, which was a fa& of the
utmoft importance in the theory of animal repro-
duétions, and could not be too well eftablithed.
" Towards one fide of the feCjon, a little coni-
cal nipple bégan to .appear about the 7 or 8 of
July, of a violet grey colour. An incipient cleft,
indiftinétly feen with the naked eye, was percep-
tible near the middle of July : the papilla feemed
ready-to divide in two; and the cleft was the
prigin of two fingers.
| In
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In two or three days, I remarked a new cleft
at the upper extremity of the papilla, which. was
the beginning of a new finger : the third, in its
turn, appeated on the nineteenth. The conical
papilla had then difappeared ; and in its place was
{een a {mall open hand with four fingers, ftll, very
minute, but quite well thaped. It is drawn from
‘mature, fuch as it then was, fig. 10. That papil-
fa, from which originated a new arm, gradually
extended : at firft it was fimilar to the papilla, ¢,
fig. 1. buttowards the end of July, or beginning
of Auguft, it increafed fo much as to refemble
that of fig. 2. exadtly. L0

On the third of Auguft, the cone began to di-
vide, that is, two fingers became evident; fig.
11. Clofe examination is required, for the divi
fion of the fingers is hardly vifible, 1. the
trunk £, S i

On the ninth, a hand extremely minute; bat
the moft beautiful objett imaginable, was obfeiv.
ed at the extremity of the arm. The fingérs,
all of unequal length, were diftinguifhed, thé
{malleft being juit perceptible. This is cotredtly
defigned, fig. 12.” The trunk #, of part“of thé
original arm, is conneted to the body. It may
be recognifed by the brown colour, and from be
inEg covered with white points. The new arm 5 is
of a lighter and uniform colour. Four fingery

- Aag Cgf
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of the hand, m, are vifible : the largeft not above
half a line in length,

The hand of the left arm had made conﬁ-
derable progrefs on the 21: it had expanded,
and nearly acquired the figure peculiar to the
newt’s hand, The fingers alfo had extended, and
‘become thicker in proportion.  The whole hand
began to colour, and brown fpecks were diftin-
gulﬂmble on different parts ; they were more evi-
dent on the back of the hand than on the fin-
gers. ‘This will be better underftood by fig. 13.
than any defcription can render it; and op
comparing this with fig. 10, we obtajn a morg
correct idea of the progrefs of*evolution. ,

The reproduced arm is defigned, fig. 14. as
obferved on the twenty-firft. The hand has al-
ready aflumed its naturql thape, and the rapid
progrefs of evolution is fufpending. ~Colouring
of the arm begins near the trunk ;-but all the reft
is of a mixed grey and violet,

Though 1 have not hitherto exprefsly faid fo, it
will obvioufly be prefumed, that there is a kind
of femi-tranfparency in the reproduced parts,
whiche the original members have not. This
gonfinues long, and changes flowly as the repro-
dudions colour. The tranfparency is evidently

reater on the edges of the fingers than elfe-
where, if examined with a magnifier, they feem
igélofed in a fine diaphanous envelope : but no-
' thing
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thing of this is evident in the old fingers. Parts
beginning to unfold naturally have a degree of
tranfparence wanting in thofe further advanced,
or fully expanded, becaufe, with the progrefs of
evolution, the calibre of the veflels increafes,
which allows admiffion to more grofs and colour-
ing particles. Whitenefs and tranfparence ap-
parently conttitute the primitive ftate of organic
bodies. It is this primitive ftate which we defign
by the word germ ; and which we can compre-
hend, when the organic whole is expanded to
a certain extent. But there is here a term beyond
which we cannot afcend ; for the organic whole
either becomes fo minute or fo tranfparent, that
it efcapes all refearch and our moft perfe&t in-
ftruments. .
The dimenfions of the old and new members,
~ in length, were as follows, on the 2 of Septems ‘

ber.

" 0ld Members. New Members.
Arm, 3% lines. Arm, 2}
“Cubit, 3+ Cubit, 2%
Longeft finger, 13 Longeft finger, 1}

ExperiMENT IIL.  Tawo fingers and three toes
amputated.—1 cut two fingers and three toes off
a large mewt, 15 July. A little elevation was
perceptible on the fection of each finger, on the
o 26,
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26: At theend of each trunk, a new finger ap.
peared, 20-Auguft. - The fingers, 7, #, are de
-figndd;-fig.-£5. ~The whole magnified is more
diftin&, figi-36.r« ’l‘he ﬁngers"hazve yet grown
very little. RTINS
The five toes are magmﬁed, fig. 17. Cbnﬁ-
derable part of':three that had loft about one
half, is already reproduced, and the new pro-
ductionds at the' extremity of “the- old portion,
a, " An irregular curve, fepapating the two
parts, is very confpicuous here,' alid ‘evinces ‘that
~ the old pomon has grmm e, "
z o IO
: EXPERIMENT IV The r:gbt bmzd qf a newt
longitudinally divided, and two fingers amputar.
- ed. The other hand cut tranfverfely.~~On the
third of Auguft, I made ‘a longitudinal incifion
through the right hand of a large newt, in fuch”
a manner as to feparate two of the fingers. At
the fame time, I amputated the other hand in the
middle, by a tranfverfe {fetion.

The eieft ftump exhibited the ufual conical pa-
pilla ¢n the 22, - It began to.divide on the 30;
and three originating ﬁngers became dxﬁxn&]y
vifible.

On the:fame day, 3 new ﬁnger ‘appeared on
the fide of the right hand. - Two of the fingers
had been left entire, a,.q, fig. 18. A fenfible
cmmence, e, on the fection of the hand,. preceded

the
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" the origin of the new fingers, which is very evi-
~dent, 7. On the firft of September, a fecond
finger began to grow befide the other, and on
the fourth, this hand, which had been cut longi-
tudinally, was as it is reprefented fig. 19. The
two fingers which replace thofe amputated, r, r.
On the fame day, the new hand growing from
the left arm, was nearly as fig. 1a. .
This experiment is attended by a moft re:
markable confequence ; that a hand, longitudi-
nally divided, fhould reproduce exaltly the am-
putated part, -and reproduce it both in the man-
ner and place moft copfonant tg its natural
figure and funétions. ’
The hand was defigned anew, g September,
that on¢ may judge better of the pefition of the
regenerated fingers and the progrefs of their evo.
tution, fig. 2o,

- ExperiMENT V. An oblique feflion of the
band, fo that only one finger remained.—Jt would
be too precipitate to conclude, from the preced-
ing experiment, that nature never repfoduces
more than the portion ampuytated, and fhe her-
felf would difclaim jt: Neverthelefs, decifive ex-
periments prove the fa&.. On the 21 of Auguft,
I cut the right hand of a pewt, in fuch a man.
per as to leave only the firft finger. Four v
minute papill appeared on the edge of the fec-

tion,

~

/
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sion, 13 September. I could eafily recognife -
them for the sndiments of four new. fipgers. Yet,
from the dang¢r of deception, I fufpended my
_opipion ; however, as. evolution fepfibly advaa-
ced, four. fmall well thaped fingers arofe, which
' it was impoflible to miftake, fig. 21, . Their ar-
rangement is irregplar,, for the firft and fecond
,feem united, and the djftance; between xhem is 2
little: lefs than between the two laft, & d.

. Behold a hand with five fingers,, though na-
ture has given the animal omly four. . However,
it is not un¢qmmon to meet with fuch anomalies
in thefe reprodudtions. Sig. Spallanzani has ob-
ferved many, which he will defribe with his
ufual acutenefs and perfpicuity.. It is evident,

that the place where the cut is- made, the mode

~ of making it, the ftate of the part itfelf, and of
parts conne&ed, may give birth to infinite varie-
ties and fingularities ; and fome will be real mon-
ftrofities, - either by defet, excefs, or tranfpofi-
tion.

It muft be obferved,. that pn ﬂ.ns cafe, xepro-
dution was not announced by one papilla only,
as in the firlt two experimeats,, but by four very
minute, and quite diftin&, ranged in the fame
line, and in, the diretion in which the inftru-
ment had performed the operation.

EXPERIMENT.
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" ExperimeNT VI The tail of a newt argpus
dated tranfoerfely.—Something important -would
Mave been wanting, had'I negleGed -amputation
of the tail, which is a very intrictite great organic¢
fubftance. It 'is' formed- of a’feries of mirute
vertebraz, with atteries, veins, and nerves, #nd it
is covered with' muftles and flgdh. - g
The tail of a Iatge newt is more than two
inches long, and about half an inch thick, form-
ed like an oar; and termindted By a foft ‘point.
Much might be faid of -the: figure, proportiens,
and pofition of this orgén, and with refpe& to
the fun6tions it Has to exercife ; but thefe would
be details foreign-to my purpofe ; I only mean
‘to confirh what Stg.-‘Spallanzani has advanced
concerning ‘the admn'a.ble reprodu&xon of the
members.. ‘
~* When-the tails of l’arge newts were amputated
near the origin, I never fucceeded in obtaining
reprodution ; the whole died in a cértain time ;
and, for feveral weeks preceding death, a kind of
whitith ¢otten mould grew on the  wounds, the
filaments of which were feveral lines in‘length:
Neverthelefs, ¥ cannot think that' this affected
the animal’s life; for I had feen fitnilar mowld, ot
cottony filaments, on wounds occafioned: by-am-
putating the arms and legs. Thefe filaments
gradually diféppeared, and unequivocal figns_ of
reproduction
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reproduétion foon became vifible, Thus a good
obfervation was never obtained, unlefs the taif
was divided about the middle, and by a feCtion
perpendicular to the axis. A ftream of blood,
as thick as a hog’s briftle, always fpouted from
the wound. The large veflel, from which it
flows, is fituated near the vertebre, and its ori-
fice is vifible by the naked eye ; it immediately
clofes ; and the orifice is diftinguifhed by a red-
dith or brownifh point.

The tail of newts is very fenfible, which is par-
ticularly evident in the flendereft part. A por.
tion cut off will retain life, and move whole
. hours ; and when life feems entirely extin&, we
have only to prick the pointed extremity, that
motion may be renewed ; it rifes and falls alter.
nately, and with greater force, according to the
period that has elapfed fince the operation, The
motion of this feparated pait bears great refem-
blance to that which is peculiar to certain apodal
worms ; it is undulatory, and evidently depends
on irritability, which is extremely alive in fo
mufcular an organ.

Immediately after the operation, the area’ of
the cut exhibits a very long ellipfe ; the two ex-
tremities almoft terminating in a point. The
fmalleft diameter is about a line acrofs, and the
thgeft five or fix. In the centre, are the verte.

brae,



ANIMAL REPRODUCTIONS. 383

brz, or blood veflels ; the reft of the area feems
full of fmall oblong clear white fubftances, which
one would fuppofe pieces of fat, or glands. The
furface flowly contralls ; the oppofite fides: ap-
proach ; the colour of the fubftances becomes
fainter, and in a certain time, which is according
to the feafon, new. flefh appears,. and it daily in-
creafes. Then we .obferve :one or two crofs
brown lines, eccupying the middle of the new
tail, which indicate the fite of the vertebree and
the veflels.. The fislt evolution is defigned, fig.
22 ; the part reproduced, #, is thinner and more
tranfparent than the reft ; the brown line, e. At
the extremity, is'a fmall internal cavity, m, very
perceptible in: the figure, which I have uniform-
ly found in repreducing tails. ‘This tail had
been divided on the 13 of July; and on the 14
of Auguft the reproduced part was about three
lines and a half long, and four and a half in dm-
. meter, at the bafe.

The new:portion was ten lines in length, 29
September, and fhaped exattly like the tail of
a newt. ,.I could obferve no difference be-
tween the motions of this regenerated tail, and
thofe of tails unrutilated, It was again defign-
ed, 8 OQober, fig. 23; the reproduced parts,
r,r. The edges of the old trunk had then
grown none ; they are clearly diftinguithed, 2, 7.

Thofe
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Thofe of the regenerated part had a peculia¥
tranfparency, wanting in the reft of the tail (1)

GENERAL RESULTS AND REFLECTIONS.—
Other experiments have been made on newts,
which confirm the firft, but 1 pafs them in filence,
to avoid repetitions and the multiplicity of de-
tails. 'What I have faid, feems fufficient for my
principal objed, which is only to eftablifh the
difcovery of my illuftrious friend the- Abbé Spal-
lanzani. When his large wotk appears, natu-
ralifts will there behold with aftonithment, the
various ﬁrodigies for which we are indebted to
the fingular fagacity of this celebrated obferver;
and of which this little tra& can give but a very
imperfe& idea. Se much inferior to the fub-
je€t do I find my own experiments, that I never
thould have thought of publithing them, had not
new confirmation been defired, and had not the
- Abbé himfelf wifhed my teftimony in addition
to his. I next proceed to deduce fome general
refulty

(1) Had net the fear. of fatigujing my eyes too much
deterre\d me, I?hould have endea{voured to compare the
new limbs with the old, by difledtion, and the fame with
refpet to the. head of the {nail. But, in my opinion, the fim-
ple narrative of fadts, or mfpeé‘tlon of the figures, are fuf-
ficient to demonﬂ:rate the reahty of the reprodudtions,
and the fimilarity of the new members to the old.
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* refults from my experiments; which fhall be L«
inited to thofe directly flowing from faéts:
The firft; whieh is evident, refpets the time -
employed by nature in preparing for the repara-
tion of mutilated members: In the arm poly-
pus, and frefh water worms, which may alfo be
multiplied from fe&ions; reproduétion is imme. -
diate, and in one or two days, during fpring or
fummer, there are fenfible indications of rege.
neration. It is very late in newts, on the other
hand; and orly; after an interval of feveral weeks,
do any fymptoms of renmewal appear: thus, in
the newt, fig. 1. it was imperceptible till about
five weeks after the operation ; and a month was
required for preparing the reprodution of the
newt mutilated 12 June. Pelypi and frefh wa.
ter worms are gelatinous; they neither have
bones, nor any part that can offify. But it is by
no means the fame with newts; for they are ac-
tually fmall quadrupeds, and; as quadrupeds, have
bones covered with mufcles and flefh. AH thefe,
parts exift in a gelatinous ftate; previous to their
appearance. This gelatine, however, unquef-
tionably oppofes more refiftance.to the power
which effects increment, than is dene by that of
polypi and freth water worms, for the ftruc- .
ture is more complicated. . Thus we thould
not be aftonithed at the flow progrefs' of evolu-
tion in large newts ; in this cafe, it is even more
Voi. 1L Bb immediate
A
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immediate than when the newt is old, as the
Abbé Spallanzani has already ebferved, and as I
myfelf have feen. The reafon is evident ; for
the younger an animal is, the more duétile or
pliant are its folids, becaufe their fluids are more
abundant. lrritability has alfo greater energy in
young animals, becaufe they are more gelati-
nous. We have feen in the Memoir on the re-
produétion of fnails, that a confiderable time is
neceflary before the new part becomes perceptible.
The fecond fa&t demonfirated by my experi-
ments,, refpects the firft appearance of the mem-
bers. A conical papilla arifes, which, compared
to a vegetable bud, we may call an animal bud.
But the comparifon muft be extended no farther,
_ for the vegetable bud is properly only the en-

velope of a plantula, whereas this animal bud is .
the member itfelf, infinitely contraéted in minia-
ture. The faét is evinced, by attending to the
progrefs of evolution. The fummit of the pa-
pilla divides in two, and we immediately dilcover
that divifion is produced, by the feparation of
two fingers, formerty united or confounded to-
- gether in the fame organic mafs ; the like enfues
with all the fingers, which fucceffively appear.
Fhe papilla is therefore a real hand, or foot, al-
ready formed; but the concentration, minute-
nefs, and tranfparency, prevent it from being re-
cognifed in its original ftate. ¥et it muft be ob-
: ferved,
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,i'erVed; that reproduion of the tail is not ac-
complithed exattly in the fame way as that of
the other members ; it is not announced by a .
papilla rifing in the centre, but by a thin femi-
tranfparent plate, extending over the whole, or
moft of the fe¢tion, and very much refembling
an edge-tool in figure.

From a third fad, it feems to refult, that the -
members replacing thofe mutilated, are not pro-
perly generated, but that they originally exifted
in miniature in the great organic whole, and are
only now unfolded. "This we are obliged to ad-
mit, on confidering that the animal bud is the
_ member itfelf, already formed, and requiring
nothing but fize, {trength, and colour, to bring
it to perfeCtion. ‘Therefore, it is probable that "
the reproduced members pre-exifted in germs of
exceflive minutenefs, and that all their parts were
there. The fpecies, proportion, and pofition of
thefe, which I may call reproductive germs, re-
gulate the kind, the manner, and the place of
reproduction. Here it is needlefs to demonftrate
how unphilofophical it would be to refort to for-
mations purely mechanical, for an explanation of
thefe admirable reprodugtions. My method of phi-
lofophifing on this important fubje¢t is known ;
and it gives me great fatisfaction, that Sig. Spal-
lanzani’s numerous and beautiful experiments on
mfuﬁon animalcula and animal reprodution,

Bb2 conﬁrm
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confirm the principles which, above . thirty yeard

- ago, I had adopted, concerning the origin and
evolution of organic beings. The work, 'which
that excellent philofopher has lately publithed,
teaches us what our real fentiments fhould be of
the wegetative powers and organic molecules of ce-
lebrated modern Epigenifts: Not .only has he
rigoroufly demonftrated the falfity of their hypo-
thefes, by infinite various and corret experi-
ments, but he has difcovered the caufe of error,
and fhewn what the authors fhould do to avoid
“it. I cannot too earrieftly exhort naturalifts to
read and refle® on this beautiful work, which [
may juftly confider one of the moft perfe& mo- .
dels of the art of obfervation (1)::

In the fourth place, it is evident that. nature
in general: reproduces exadtly the portion am.
putated ; thus, when a hand is cut off, nature
renews a hand only; if an arm is amputated,
the regenerates one with all its parts. But, as
already remarked, there are various exceptions to
this law, and the fifth experiment is a ftriking
inftance of it. Sig. Spallanzani will defcribe

- many more fingular, which his long experiments
have given him an opportunity to obferve. It
may well be conceived, -that it is not difficult

to

(1) Tra&s on the Natural hiftory of animals and vege-
tables. ‘
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to produce numerous artificial kinds of monftro-
fity, and that thefe may throw much light on
the theory of animal reproduétions. Certainly
thefe wonderful operations are regulated by laws
which depend on the nature and relation of va-
rious organic wholes, and it is the inveftigation
of fuch laws that dhould chiefly occupy the
philofophic naturalift. Some will be found
amore or' lefs general, or fpecial; fome fubor-
dinate to others, and all to a more compre-
henfive law, that regulates the whole organic
fyftem. Here nothing happens by chance ; all
has been weighed, calculated, and combined,
with refpeét to poflible occurrences, and there is
not the fmalleft alimentary atom in this wonder-
ful fyftem of .organs, withaut its proportions, its
amotion, its place, and purpofe. Thus, what we
denominate anomalous, .or manftrous, is the ne-
ceflary confequence of the admirable laws which
govern the organic world, and of courfe a con,

- firmation that fuch laws exift.
There is a fifth refult to be obferved. Whegp .
only a hand is amputated, what fucceeds it is at
- firft much larger than what unfolds -at the ex-
tremity of a pew arm. This is evident by.
comparing fig. 10 and 12. In the germ prepar-
ed for reproducing an arm and all its accompa-
niments, the integrant parts of the hiand fhould
be {maller than in the germ, which contains no
nmore than the reparatory elements of a hand ;
Bb 3 ' Cat
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at leaft, obfervations feem to indicate this, for
the conical papilla preceding an arm, is no larger
than that preceding a hand. Probably the body
of a newt includes a number of germs of diffe-
rent kinds, appropriated to the various reproduc-
tions that are to enfue, and each germ is placed
in the fituation and manner beft correfponding
to its evolution. But I fhould refer to what is
faid on the fubje&, Part 9. 10, of La Palinge-
nefie. '

A fixth refult arifes from the evolution of the
fingers and toes. It is not effeted in the fame
proportion as evolution of the arm and leg.
Now, when I write this, the tenth of O&ober,
the new arm and leg of the newt, which was mu-
tilated 6 June, have nearly attained the fize of
* the original members, while the regenerated fin-

gers and toes have not acquired half their natu-
ral fize; yet they are perfetly well formed, and
execute all the funtions peculiar to thefe parts.

The feventh and laft refult is prefented by the
" trunk of the mutilated members. While the re-
producing part. unfolded, I never obferved any
elongation of the trunk. In this refped, there
is a coincidence with. the flate of the trunk of
‘earth worms, and of thofe frefh water worms
which I multiplied by fetions thirty-fix years
4go; and the truth of this obfervation may be
judged of, by infpeéting fig. 2. 3. 10. 12. 17. 22,
23. plate 9. The fame enfues in regeneration

of
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of the fnail. When the fibres of an -organifed
body are’indurated to a certain degree, they are
no longer fufceptible of extenfion ; there is a

-term beyond which the elements of the folids
cannot glide along each other.  This refult
affords an opportunity of abferving, that it

evidently concurs in proving the part to be ac-
tually a new organic whole, which expands on
the old one, and is in a manner ingrafted on it.

In another treatife, I have infilted much on the
point. \

Perhaps this Memoir may be followed by an-
other, containing the fequel of my experiments.
1 intend to diverfify them greatly, and thus give
birth to new fats by new combinations. But it
muft be remembered, that all which it is in my
power to do, will even be infinitely inferior to

“what the public may expe& from the learning,
ability, and induftry of the celebrated Reggian .
philofopher. No naturalift has equally enriched
the hiftory, fo new and interefting, of Infufion Ani-
malcula and Animal Reproduions ; and I may
predi&, that his account of the generation of
animals and vegetables, will not be lefs valuable.
How impatiently would the admirers of natura]
hiftory expeét thefe new fruits of the indefatiga-
ble obferver’s labour, did they know, as I do, -
the important and unexpetted truths which they
contain.

' ' : Bbg MEMOIR
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MEMQIR I,

+ . My obfervations were continued on the newts,
whofe hiftory I have given in the preceding me-
‘moir. 'That which was mutilated on the fifth of
June 1777, and the fubje® of my firft experj-
ment, died on the tenth of December ; but what
occafioned its death I am ignorant. The limbs
increafed apd coloured ; the fifth toe was want-

: ing ; indeed I did not expett it after the begin-
ning of O¢tober. .

The newt, mufilated 3 Auguft, Whlch is men-
tioned in the fourth experiment, paffed the win-
ter fafely in my apartment, and lived unt]
8 April 1778 : it then died, probably from

k negle&t to renew the water. " The two new fin,
' gers, longitudinally divided, had not acquired
above half their natural length, :

The newt of the fixth experiment, whofe tail
was mutilated 11 July, {hared the fame fate as the
preceding, ‘It died towards the middle of No-
vember. The tail had extended very much ; and
the new part could fcarcely be diftinguithed from
, gﬁc old, except by the lighter colour, :

S 1 b
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L 4

~ T'had more reafon to regret lofing the fubje@
of my fifth experiment, that is, the newt which
-had loft three fingers and reproduced four. The
.monftrofity rendered it precious. It had been
carefully preferved during winter, and was-in
perfet health in the following {pring ; therefore
I cannot tell from what caufe it died. Sig. Spal-
lanzani has proved, shat worms are found in thefe
- little quadrupeds ; perhaps their numbers might
pccafion death. Whatever it was, the four new
fingers had grown confiderably, and become dark
coloured ; but their arrangement was equally ir-
regular as at firft,

Here 1 may remark, that it is unneceffary to
change the water as often in winter as during
fummer.  That in a veflel, containing one large
newt, has remained eight days pure in winter;
while it has become turbid in two or three, a:...
fometimes fooner, during fummer. Newts thea
peripire, and evacuate more copiduily, and arc al-
fo more voracious. The ¢jeCta are grey fila-
ments, or flocks, floating in the water (1).

It'is incredible how long the new fingers re-
quire to attain the fize of the old. I have had
ipewts, whofe fingers, in thirteen months and

more,

" (1) Newts frequently void fmall found or oval fubftan-
ces, of a brown colour, but of very little conﬁﬁcncg,
Some are at lealt as large as a pea. "
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more, were not as large as thofe of unmutilated
- members.

In general I have fuppofed it was otherwife with
the arm and thigh reproduced, and with the cu-
bit and leg; for the former, in both cafes, fooner
acquire their proper fize, as is already remarked
in the fixth refult of the preceding memoir. The
like fucceeds with the tail. . But all thefe repro-
ductions are very flow, when compared with
thofe of polypi and frefh water worms ; reafons
for which are affigned in the firft memoir.

- 1 fhall now proceed to my new experiments on
quadrupeds, fo worthy of the attention of na.
turalifts. :

ExpeRIMENT L. Whether reproduced members
poffefs the fame Jources of reproduction as thofe am-
putated.—1 cut the left arm and right thigh off a

“large newt, 2 June 1778. In the beginning of
July, a new arm and thigh began to reproduce,
They were ftill in miniature, but the fingers and
toes fufficiently formed, and very diftin¢t. They
were nearly as thofe of fig. 6,.7, plate g.

- On the eleventh of July, I made an experi-
‘ment, which was moft important in the theory of
animal reprodutions. The objet was to difco-
yer whether the members now reproducing,
which in reality were miniatures, contained the
fame fources of reparation as the original ; that

is,
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is, whether there were, in new limbs, germs con,
taining members in. miniature, fimilar to thofe
amputated. With this view, I cut off the rege-
nerated hand and foot. ‘
At the extremity of the reproduced leg, on the

21, appeared two new toes extremely minute,
but eafily recognifable by the naked eye: and,
on the 24, an originating hand, with three well
fhaped fingers, appeared at the extremity of the
new arm,

- The foot, now reproduced, exhablted four very
ditin& toes. - Bath thefe and the fingers were
yet only one fourth, or one third, of a line long.

- Therefore it is proved, by this firft experitnent,
that the reproduced limbs of a newt can make
new produttions, in the fame manner ag the old
ones can, and give birth to members which, in
their eflential parts, refemble thofe amputated,
and are different only in fize, ¢onfiftence, and
colour: for, as was remarked in my former me.
moir, the new members are of more delicate tex-
ture, and of a much lighter colour than the

old. ‘ '
" It was undoubtedly moft interefting to afcer-
tain how far the refources of nature extended;
and whether, after feveral fucceflive utilations
of the reproduced member, a new one would ftill
fegenerate, - '

On
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. On the 31 of July, for.the fecond time, I cut
 off the reproduced hand and foot of my newt;
the fingers and toes being then about a line long.
Two new fingers and toes appeared at the ex-
aremity of the limbs, 13 Anguft; therefore a
hand and foot had begun to regenerate. On
the 15, there were three fingers and toes already
well formed, though very fmall. _

Both the hand and foot feemed quite repaued
on the 24, though ftill of extreme minutenefs.
All the fingers had grown, but only four toes.

_..And it may now be obferved, that the appearance
of the fifth toe is conftantly later; often it does
not unfold.

. On the fame d.ay, 24 Auguft, I amputated the

. ;n_:produced hand and arm the third time ;- and, on
the 13 of O&ober, performed the fourth opera-
tion : the limbs being then in the fame ftate as
thofe mutilated by. the third amputation.

Thus it is fully eftablithed, that every member,
fuccefiively reproduced, contains new fources of
reparation ; .and that they are a&ually exifting,
though the member is extremely minute.

From thefe fucceflive mutilations of reproduc-
ed members, I have thought the extremity of the
Jeg-and arm became a little thicker than ufual,
as if from a reflux of the nutritive fluids into the

- extremity, by fuch repeated amputations.

: Thig
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This feafon was particularly favourable to my '
experiments, being always dry and warm. A
mercurial thermometer, in the fhade, completely
ifolated, on a large terrace, ftood at 9go® and
93°, on the 14 and 15 of Auguft. Moft of
fummer it ftood between 79°-and 81° ; and- the
temperature of the apartment, where the newt
was kept,. differed very little from thut of the
epen air.

 ExperiMENT H. When a large newt was
treated as has juft been related, I made another
experiment on one of fimilar fize, to obtain. com-
parative refults. :

The left arm and thigh were fevered 2 Junc
1778. Reprodution of new members com
menced in the beginning of July : two well fhap-
ed toes were then on the foot. On the 11, new
limbs had replaced the old ; they feemed com-
pletely repaired : {till they were only miniatures
of moft delicate texture. This day I amputated
the reproduced hand and foot.

A new foot, with two diftiné toes,” was per-
ceptible on the 22; and three were vifible op -
the 24.. But the new hand had not appeared ;
at leaft there was no evidence of originating fin-
gers. The thermometer now ftood about 84°.
However, a new hand, with three perfe& ﬁngers,
~ was feen on the 29.

The
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The reproduced hand and foot being a full
Iine long on the 31, I then cut them off. Both
appeared again 15 Auguft, with three well fhap-
ed fingers and toes. On the 24, the hand had
acquired its four fingers, and the foot five toes,
all vifible, though exceffively fmall.

I then cut off the hand and foot for the third
-time. ‘The fingers and toes were a full line long
13 O&ober; four of each appeared, but the
fifth toe was yet imperceptible.

Next I performed a fourth amputation : it alfo
was followed by reprodudtions. Various occu-
pations having interrupted me, a fifth amputation
was not made before 26 Auguft 1779.

The longeft finger was then about one line
and a third, the longeft toe one and a half in
length, deep coloured and very flender. The
hand had four fingers ; the firft and fourth im-
perfe&. The foot had only three toes, more
diftant from each other than ufual. Both the
fingers were as imperfe& 30 Oftober 1780 : the
fourth fcarcely vifible, and confifting only of
a fhort point; and no more than three toes
‘on the foot. The newt had then diminithed
greatly in fize, and was very brown. It ate
little, and feldom : it remained long at the fur.
~ face, unable to get to the bottom of the water ;
and its belly was almoft always very much in.
fated. v

‘ Thefe



ANIMAL REPRODUCTIONS. 399

Thefe are-two experiments, therefore, which
concur in eftablithing the fame fa&, namely, that
the reproduced members of a newt, though ftill
in miniature, are equally provided with repara-
tory germs as the old limbs ; and that they begin
to unfold after the new members are cut off.

ExperiMENT Il A4 foot cut obliguely, and a
hand longitudinally—~Experiments fuch as I re--
fate cannot be fufficiently diverfified. The place
and mode of fe€tion muft have a certain influence
on the place and mode of reproduétion. Un-
doubtedly the germs, deftined for thefe prodigies,
cannot be fortuitoufly djffeminated in the mem-
bers. It is much more philofophical to believe,
that they are arranged in an order which we
fhould admire, if our moft powerful magnifiers
could bring them into view. - But we are ftili
incapable of penetrating the fecret erganization
of an animal : all that is permitted us to do, is
reduced to a few experiments on what the mind
can comprehend. Chiefly with this view, have I
amputated the limbs of newts in different ways ;
that is, fometimes tranfverfely, fometimes more
or lefs obliquely, and fometimes longitudinally.
And the detail of an experiment is now to be “
given, executed in the fecond and third man-
ner, as enough has been faid of the firft. :
' .On
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" On the 29 of January 1778, I cut the left foot
of a large newt obliquely, leaving only the firft
toe. The four amputated toes were renewed g
June ; but not exattly in the fame pofition
as when the feftion was perpendicular to the
length. The extremity of the foot was a lit-
tle fwelled, fig. 1, plate 10: the toe preferv-
ed, 1 ; thofe reproduced, 2, 3, 4, §; the fwell-
ing of the foot, 7. To judge of the difference arif-
ing.from the two modes of operation, this figure -
muft be compared with fig. 9, plate g.

On the fame day, I endeavoured to divide the
_ left hand of the animal longitudinally through
the middle; extending. the fetion as far as the
arm. Mould appeared on the wound in a few
days, and made rapid progrefs. Part of ‘the
member at laft mortified, -and three fingers dif-
appeared

The arm and hand were, as reprefented fig. 2,
on the 5 of June : the finger preferved, 1 ; thofe
reproduced, 2, 3, 4, which are not quite in the
fame -pofition as obferved in a tranfverfe amputa-
tion ; the extremity, r, is fenfibly fwelled.

It fhould be obferved, that in this experiment,
as well as in almoft the whole related, nature re.
produced an equal number of parts as thofe am-
putated ; which is a fa&t well defcrvmg conﬁ-
deration.: e ;

Expsmmm'
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ExperiMeNT IV. . The limbs of a newt cut
{ongitudinally through the middle.—T-divided the
~ right ‘hand and foot of a newt longitudinally, 16

June 1778. 1Ina few days, the wounds -were
covered -with whitith mould, which grew rapidly.
It gradually became thicker and longer, and,
as T forefaw, announced the lofs of the limbs.
I removed it feveral times with a pencil,
“but it conftantly returned. This fingular pro-
dufion requires more profound inveftigation
than I was able to beftow on it. It evidently
confifted of extremely delicate filaments, fimilar
to what charaterife the mould originating on
humid animal and vegetable fubftances. Some-
fimes the filaments grew half an inch long, and
even more. Something fimilar occurred in the
freth water worms, multiplied by feGions, in
1741, 1742 and 1 then confidered the mould
as a precurfor of gangrene. While obferving it
on the newts, the fame idea recurred; and 1
thought of amointing the wounds with a pencil
dipped in a folution of bark, but I cannot affirm
that this was more efficacious than the former
plan reforted to. Whatever was the cafe, notwith-
ftanding all my care, the third toc and fecond
finger fell off about the end of June. Longitu-
dinal divifions certainly occafion the greateft dif- .
order in the parts, and particularly in the veffels ; «
Vou. 1L Cc a
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at leaft, the wound is very large, and a great in-
ternal furface laid open, _

The parts of each member, feparated by the
operation, were fully united, and the wounds.ci-
catrifed 26 July, The cicatrices had even . en-
tirely difappeared.

. I now obferved a fmall femi-tranfparent grey
button in the middle of the foot, which an.
nounced the finger deftined to replace that which
had fallen off, Fig. 3, #, the button or papilla,
The foot is a little larger than. when in. the na.
tural ftate; and the new toe originates exadly
in the proper poﬁtion for rep'lacing that which
~ was deftroyed by gangrene.

‘. The divided hand is reprefented as it was 2
]uly, fig. 4 There is no indication of 3 cica.
grice, all is fo perfe@ly healed, The new pro-
_du@tion to unfold is ftill imperceptible.

Againft Auguft 11, the new toe had made
great progrefs ; and the papilla had affum.
ed a figure which rendered it 1mpoﬁible to be
miftaken for a real toe, fig. 5, #

- The hand is as it was the fame day, fig. 6
the origin of the finger to replace the loft ane, .
But the newt died on the 14, without my being
able to difcover the caufe of its death.

| ExperIMENT V.—On the 27 of July, I re-
peated the preceding experiment on the left hand

and
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and foot of a large newt. Mould did not fail tb
vegetate on the wounds, and, in'three days, was
fo abundant that the members feemeéd endan-
gered. However, 1 accomp’li(hed the remé’vvﬂ.‘of
great part with a pencil : “but, alarmed left |
fhould be unable to preferve either half of the
members, I refolved to amputate ﬁxe mouldmg'
part by a tranfverfe feGion.

In feveral weeks, two papillse, announcmg thc
reprodudtion of two ﬁngers, arofe on the tranf
verfe fe€ien ; next arofe another, on a fimilar
fetion of the foot, which indicated the origin of
a new toe. The enormous wounds cicatrifed fo
well, that no veftige of them remained. :

The papille continued growing during the
fubfequent weeks ; and, on the 15 of September,
the hand had two fingers about'a line and 2 half
long. Their pofition was fuch as to give the
hand its natural fhape; but they were of a hghte:r :
colour than the old fingers.

The new toe was a little longer thar the krrg
eft finger, being about two lines in lengt‘h The
fifth did not appear, nor was it vifible on the 26~
of O&ober. )

ExperiMENT VL. A newt deprived of the
third and fourth finger of each haud, oxd the five
2oes of the left foot.—Among the beautififl pheno-
mena which the reproductions of newts exhibit,

Ccz2 one .
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one of the moft ftriking is the conftancy with
which nature reproduces the fame number of
parts as thofe taken away. This is particularly '
true ‘with regard to the hands. If three fingers
are amputated, other three will be reproduced : if
two are fevered, only two will originate. [ have
already obferved, that the confequence is lefs cer-
tain in mutilations of the foot ; and it frequently
occurs, that four toes are regenerated when five
are amputated. But I can form no conjecture
on the caufe of this irregularity.

I cut the third and fourth fingers off each hand
" of a large newt, and the five toes off the left
foot, 31 July 1748. All the fingers and toes
were reproduced, and grew as ufual from minute
papille : they gradually extended, and affumed
the figure and proportlons peculiar to ﬁngtrs and
‘toes.

On the 27 of O&ober, the left hand only was
defigned, but not the right, becaufe it was quite
fimilar, fig. 7, #, 5, the new fingers ; although
- .thefe were well proportioned and regular, \ they

" had not attained half the natural fize.

It was different with the toes. -The three laft,
indeed, ¢, d, ¢, fig. 8, grew in their natural place;
but the other two, a, b, came above the reft, fo
that the fecond was above the third inftead of
being by. its fide. The figure of the foot was
yery 1 much changed ; ] it was larger or fwelled. I

mentiony
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}ﬁeﬁtion thefe monftrofities, becaufe the}"are not
indifferent in the hiftory of reproducicns.

Experiment VIL The reptoductions of newis
wre retarded by cold—It is well known how much
the evolution of all organized bodis is promot-
‘ed by heat. = Animials vegetate like plants, and
“heat powerfully advances their vegetation:
~ Thirty-feven years ago, experiments on polypi,
and ' different fpecies of freth water worms, de-
monftrated that the reprodution of thefe fingular
animals was greatly retarded by cold.” If the
mutilation was.towards the end of autumn, and
particularly if in winter, reprodution required
feveral weeks ; and, on the other hand, it would
be complete.in a few days, in fummer. My ex-
periments .on newts confirmed the fa& in a moft
confpicuous manner, as will immediately appear.

~On the 6 of September 1757, I cut the arm
and thigh off a large newt, very near the body,
“and kept it in an apartment without fire until the
-month of January. Being then afraid of injury
from the cold, I carried it to my own chamber,
along with other newts, which were the {ubjett
- of various experiments. All paffed the winter
fuccefsfully.  The temperature of the chamber
was commonly. about 43° or 45°; but .it fre.

quently diminifhed 5° or 6° during night. .
‘ i ;Cc3,." L The

f
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The new members were no longer en the 6
of March than they would hawe been in fix
weeks, or two months, in fummer, fig. g, 10,
the originating arm &, the'thigh c. Thus they
were only two {tumps, after an interval of fix
months.

Two ﬁxigers were growing at the extremity of
the arm, g April, and three well fhaped tees per-
ceptible at the extremity of the leg, & ¢, fig. 11,
12." The fourth tog, juft begun to-appear, fig. -
‘12, correfponds with fig. 7 of the firft memoir.

In the following month the newt died, which
interrupted my obfervations on the coutfc of re-
produ&xon

"ExperiMeNT VIII.  The tail of & newt divid-
‘ed longitudinally.—~We have feen the effe® of a
tranfverfe fe€tion in the fixth experiment of the
preceding Memoir. 1t has already been remark-
ed, that the tait is formed of a feries of fmaH ver-
tébrée or officles, and has blood veflels, merves,
fleth and mufcles. - Therefore this is a very com-
plicated member ; and we immiediately compre-
hend” haw" admirable its ‘reprodution’ from a
tran{verfe fetion muft be: for not only are the
veflels, nervés, and mufcles then reproduced, but
likewife offequs parts of initricate ftru&ure articu-
 lated together, ‘and playing os-each other. Yet

' hoiv many parts, both foft and hard, ef much

more
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" mare camplex fruture, are in the fame maiimer
reproduced in the reft of the limbs with equal fa-
- cility and regelanity. . Thus it.mdy eafily be con-
ceived, if the fkin of thgtaél is ﬂa.ﬂ;pdq. M various
deep inciftons, ave made intp it, and flces of dif-
ferent fize cut out along the vertebr, that na-
turc has only to heal the wounds, and repair the
loés of the picces. This I have myfelf heheld
“and fhall relate but ope inflatee; .. .
Aﬂscenbpmmmchlong. andtwohnes
- broad, was cut from the tail of a large newt, 7
Augwlt 1778.  The wound immediately healed ;
and from the &5, I faw a thin tranfparent flice aik
slong the length, appropna(ed to replace. the
part taken away. In a few weeks, reproduiion
was complete, and the regenerated portion could
ot be diftinguithed from the reft of the tail.

RerLecTIONS.—If thefe experiments are ¢om-
pared with thofe of the preceding Memoir, it is
evident that they all coincide in confirming the
refults and conclufions relative to many phyfiolo-
gical fadts found in nature. Among thefe is the
© pre-exiftence of germs deﬁmed to repaxr lcﬁ
members,

When, with the view of explammg this rege:
neration, we recur to the power: of relation, an
expanfive Or vegetative power, an effential foree,
internal maulds, and erganic molecule:, we certain-

Ccs .o ly
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ly ufe very fcientific expreflions, but to which ne-
diftin& idea can be - attached (1). . It is not
enough to fay, an effect is preduced by  certain:
power: it muft be demonftrated: how we con-
ceive ‘the effe® depends on the power: and, by
admitting the exiftenee of the caufe, to give a fa-
tisfaétory explanation  of the principal peculigri-
ties which the.effeét prefents, - Now, when we
fay a leg or an arnt is produced by the wege-
tative, or anyiother power, who can be fenfi-
ble how the-exiftence of the limb naturelly arifes
from.fuppofing the power # Phyfieal pewers dov
not :prefent their own limits :. for any power is in
itfelf-indeterminate. How could the imaginary
. vegetative power determine the produdion of a
leg rather than an arm, which. it might juft as

(1) The powers of ‘relation were conceived l;y M. de
Maupertuis.  His. ingenious worky. La. Venus Phyfiqus,
muft be-confiltgd for underftanding how he ufes them in
cxplammg the myfteries of generation.

The vegetative ot expanfive power was cxeaud by Mr
Needham.

. M. Wolf, Profeflor of Anatomy in Pcterﬂmrgh, en-
deavoured to introduce the efential force mto organie na-
ture. An-aceount of his hypothcﬁs may be feen, Art
334 Corp: Orgamﬁ':, No;e
) Or;gamc Molecules are. M. de Buflon’s favoume “bypo-
xheﬁe.
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readily produce? How could it give each part
‘of the leg that figure, proportion, and- ftrutture,
which conftitute the member:? How could it
arrange all the parts in that pofition:and relatisny.
in virtue of which: all confpire to the fame end ? -

To affirm that a certain expanfive force, refid-
ing in the trunk of the old ‘member, extends the
veflels, nerves; mufeles; and: benes, is faying
nothing at all: for it is evident, that only a
fimple ftump or flethy cone would refult from
fuch elongation. But could the cone hive a
hand or a foot at the extremity provided with
fingers and toes ? Could alb'their articulations be
prefent; and ceuld the fame order and propor-
tions prevail? Let imagination extend alf the
fibres of - a bony fubftance, nothing will evér ens
fue but a fimple offeous cone, fo much the larger
as imagination has rendered the force .more
powerful, and the expanding fibres more du&ile.
Could the extremity be fathioned into a certain
articulation ? or how could an articulation, which
infers certain figures, and thefe frequently very
intricate, arife from the fimple elongation of
ftraight or nearly parallel fibres ? How could an
’expanﬁve power change their direction, and dif-
‘pofe it fo as to produce a joint, and alfo produce
thofe glands in the joint which are to lubrlcatc
its parts ?
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Whst ] paw obferve of she offeans. parts obvi-
oufly applies to thofe that are foft. How, for
cxample, could cxtenfion of the Sedy, fibyes.of »
newt’s tall produsethat infinityof glinds that
cover ity aad. fearete she vifcous: fluid.by. which
it is lubnicated? How could.exsenfiom. of the
Befhy fares, at the root of a faail
a.pew Houwny and -
provided with sa nves and three humosrs i1

1 fhall omit the afentiad forces which a: very
modern Epigenefilt - has- gratnitondy. aferibed: ko
masser. . It to. admitting the
Plefic naturs ave creair
Hartfcecker.: Befides, the
be made to it as to the expumsuc powers nrcac
axe exprafiions which eprich dittionagics, but add
wothing to phyfiology. Here I muft refer to
Raxt 11 of la Palingengpe.

Nothing need be faid on erganic molecules, a8
an excellent obfsrver has yigorouly demonfirated
thetcnon-exiftence, by 2 beansiful feries of ex-

pariments

( ) Itis to Swammerdam’s amazmg dexterity i in dif
fedtion that we owe our knowledgc of the ftruture of the
eye of the fnail.  ¥ide his excellent ﬁtﬁ:ory of the animal
in his Biblia Naturz, of which there is a French tranfla«
siop. Collection Academiquey Tom. 5.
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periments:and ebfervations very much dmxﬁ-'
fied.

‘With regard to internad soulds, ¥ ﬂunk as un.
favourably of them'as of plafic forces. It mmft
- be remarked, that what are called' moulds, are
" not fimple cylinders or folid cones, but hollow
tubes, nice textures; and the like.. But, inde-
pendent of this dificulty, swhese could be the in-
ternal mould of a hand, a foot, an eye, orbrain,
which no longer exift in the animal, but will
nevertliclefs e comapletely Yeproduced ? (Ba not
lét us confound ¢he fecretory organs with
moulds ; to fpeak corvellly, they forma nothing ;
they only fepamawmn molncnlcss for certain

ends.

~Thus, becsufe ¥ am macqunudfwuhaay ex-
planation mérely mechanicsl, that will account
for the leading phenomena, 1 admiv, that. in the
interiar of the members-of the newt, there are
germs ‘deftined te repair the loft parss. .

" My experiments-feem to prove, - thatshere gte
different claffes of thele germs, and that they are
not fortuitoufly difperfed in the “interior of the
members, but diftributed in regnlar order, rela-
tive to the different paifible privations.

That there are various fpecies of germs, fédins
to be afcertained, from attending to what enfiies
in the repredu&ion of the hand and féot,’ ¢om-
pared with what fucceeds in reproduétions of the

: fingers
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fingers.and toes. - A conicalipapilla- becomes pérfa
ceptible after amputation of the hand, which con~
tinues to encreafe. Two fingers appear.iat. the
furmit, then.three; and at+lafkdour.. The pa-
pilla, in its origin, was the germ ' therefore, the
germ contained the four fingers and:all- their
concorpitants. - But fthould one; .two, “or .three
fingers be amputated, one, two,: or -three: conis
cal papila, much ifnaler, will: arife, and gra-
_dually - aflume the figure peculiar:ito- fingers.
Therefore, thefe fmaller papillse; were.-originally
fmaller germs than- thofe .containing-: the whole
member, and: each contains-only a fingle finger.
But this is fpeaking incorretly; they do not
jproperly contain a finger ; they are the finger, its
felf, contraCted and concentrated into the fmals’
left. poffible fpace. It is the fame with the re:
paratory germs of the hands and feet ; they are
themfelves hands and feet in extreme coneentras
tion. But the arins, thighs, and legs, are equally
reproduced.; therefore, there are.germs which
do not include the hands and feet alone, but alfy
an arm or a leg. .

In the fame way, do I admlt reparatory germs
for replacing joints ; for I cannot conceive the
fimple mechanical formation of a joint, more
than of a whole finger or hand. .

‘What I obferve with refpe& to the reproduc:.
-tions of newts, fhould apply to thofe of fnails,

' - We
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We have only to refle& on all that is faid of the
regenerated horns and eyes, and attend to theip

- admirable organization, - SR :

It is evident, that we need not recur to germs,
properly fo called, for explaining:the reproditc.
tion of a cutaneous or mufcular fragment. * In
the fkin and .mufcles, are numetous fibrilli, ap-
propriated to repair thefe parts; and- they unfold
only when certain accidents dire the nutritive
juices towards the reparatory fibrilli’ around the
edge of the wound. »Large amimals, and even
mankind, prefent many remarkable inftances of
fimilar reparations that fucceed in the oﬁ'eous
Pans _ Lo . .

In another place, I have expla;ned- myfelf at
length on the various kinds of animal reproduc-
tieon. ‘There I have afcertained the different
meaning that may be applied to germs; and ex-
plained the principles which feem moft - appli-

cable to each fpecies of reproduion (1). The
enlightened and philofophi¢ reader will decide -
between thefe principles and thofe which are
oppofed by our modern Epigenefifts. Undoubt.
edly, he will not objeét the numerous germs
that never unfold in newts, and other animals
which repair their loft members, for' he is net
ignorant that the suPREME wisDom has proceeds -

"ed
. s-3

‘r) Palingengfie, Part to.
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ed on a general plan in calling the differeat fas
milies of organized beings into exiftence, or on
plans that may comprehend all- the individuals
of each family. How many millions of feeds,
hew many millions of eggs produte nothing, yet
every egg and every feed includes a2 minute or-
ganic whole, which never unfolds, though def-
tined for evolution,, The philofopher will not
haftily conclude, that the exiftence of thefe or-
ganic wholes is ufelefs, becaufe j¢t muft inftantly
occur to him, that his knowledge is not fo great
2s to difcover all the ufe of beings, and becaufe he
- will eafily coneeive, that what is sot appropriated
to its particular ufe in this world, may be fo in
the next (1). ’

Experiments on newts; fnails, earth worms,
and the like, feem to indicate, that the original
and primitive figure of germs is fpherical or el.

_, liptical 5 at leaft, this appears to refult from the

figure in which the members are firft feen. In
the beginning, they are very minute roundith
~ buds, which gradually affume another fhape that
removes them farther and farther from their on-
ginal one. The wonderful metamorphofis of
the chicken, before it attains its perfect ftate,
may enable us to judge of thofe which the limbs
of newts and other regenerating  animals under.

80,
(+) Confult, Part 1, 3, 3; 4, 5, of the Palingemefic,
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- g0, before they appear fully evolved (1). But
we have no means of difcovering organic wholes
fo minute, and of contemplating their fucceflivg
gvolutioms..

-~ Finally, thwmenmmts on nawts demnﬁmﬂ,
,tbat the germs of different. orders are not fore
tuitouflly difpesfed in the interior of the animals,
but each placed relative to the fituation. of tiwe
member whofe lofs. it is. to repair. Thus
an arm, or a.leg, mever upfolds, where thes
fhould be a bhand ar a fopt;;: nor do we ever
fee a hand. oxiginate, wherg a finger ouly is.de-.
feQive. This is proved, by fimple infpetion of
the figures, and of 45 5, 6, in partioalar.

~ Icannot think the. reparatory gewms are de»

pofited in the'offeous parts, or:in-thofe that may
offify ; 1 rather fuppofe they are lodged in the
foft parts, as more favourable tp their evolution,

‘While a germ unfolds all its parts, engraft, or
amaftomofe. with the correfponding parts of the

original whole, and form one body with it ; this

union is evinced by the reparation of the muti-
lated member, fince the new part exattly. re.
fembles it. Something analogous to vegetable-
grafts takes place, as M, Duhamel has well de-

fcribed, .

The

(2) Vide @qﬁderation: fur les Corps Organifés, chap.

9 Haller, Memaire fur le Pou/{t, V
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The reproducing members of the newt and
fnail illuftrate, that organic wholes may be com-
_pletely developed without fecundation, in its pro-
per fenfe. The moft fubtile or adive fluids of
the animal are fufficient to effe&t their evolution.
Nothing need here be added to what is faid on
the fubje&t, Contemplation de la Nature, Cbap 3
Part 10. : .

Although the fame member is mutilated five'
or fix times fucceffively, it will be regenerated as
often. Probably thefe fucceflive reprodutions
extend further ; but we are yet ignorant of their
limits. Thefe can be difcovered by experiment
alone; but it is evident that they cannot be in-
finite. In the fame freth water worm, 1 for-

- merly faw twelve fucceflive reparations (1).
' ‘ The

(1) Traite & Infectologie. ¢ 1t is very probable, that the
¢ property of thefe infe@s, to renew a head or tail, when
¢ deprived of either, is proportioned to the number and
s nature of the accidents to which they are expofed.’

In rivulets, I have fometimes found worms that had loft
the head or tail, and then repaired it, Snails run the ha-
zard of fimilar accidents, Muller, at the end of his memoir
on fnails, yournql de Pb_yique: 1778, obferveé, that he found
¢ a naked fnail in a wcod, and two others, repairing 3
¢ large horn that had accidentally been loft.” I have had
mewts taken with deformities in the fingers and toes,
which clearly indicated cafual mutilations,
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~ The members in miniature, which, though

themfelves mutilated, produce a fimilar, but
«fmaller miniature, and the reproduttions of this,
~ when mutilated, afford a :powerful fupport of the
‘bypothefis of involution. However, 1 will not -
. affirm that the reparatory germs are involved in
ach other ; the expreflion would be incorreét ;
but it appears that the expanding germ includes
all the parts fit to reproduce a member, and,
with thefe parts, germs united to them, which

alfo grow, and that by their connetion, and are :

deftined to replace the loft members. In thort,
different generations of germs muft not be con-
ceived as boxes cafed in each other. The germ
of the fecond generation .conftitutes part .of the
germ of the firft, jult as a feed growing in-a
plant, or an egg in an animal, forms part of that
plant or animal. The germ of the third gene-
ration conflitutes part of the fecond, and fo on
with the reft.  Thus all the generations includ-
ed in the firft germ are as many decreafing parts
of it, and it is itfelf a conftituent part of the ori-
ginal ' member. I need not return to ‘the objec-
tions againft involution ; they are anfwered elfe-
where ; and none figilar will occur to a philofo-
pher who knows the difference between hypo-
thefis and difcovery.

Vor. L. Dd  MEMOIR
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MEMOTIR IlI,

il

ExperiMeENT I,  Reproduced members muyti-
lated. —In the firft experiment of the preceding
Memoir, is an account of feveral fucceflive ope-
rations on a large newt, which were made pur-

~pofely to difcover whether reproduced mem-

 bers contained reparatory principles in the fame
way as the original members. There, it is ob-
ferved, that the fourth mutilation was performed
13 October 1778. Another operation was per-
formed on the fame newt, 9 March. 1779 ; the
reprodiuced hantl and foot being nearly as much
advanced as thofe the laft time amputated. -

' We have feen that thie third amputation was
on the 24 of Auguft, fo that only fifty days
elapfed between it and the fourth ; whereas, be-
tween the fourth and fifth, there were one hun-
dred and forty-feven, which is an additional
proof how much reprodution is retarded by

winter.
A new hand was announced by the appearance
of new fingers, 21 April, and regeneration of
the foot was at that time ftill more fenfible.
) "Threg
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“Three toes could clearly be diftinguithed, not-
withftanding their extrerie mimutenefs. 'On the
fixth of May, onty threé fingers were vifible, but
all 'well fhaped; the longeﬁ ¢qual to dbout two-
“thirds of a line.  The-three toes wefe nearly of
the fame length, fig. . "2.'plate 13." The extre-
mity of the arm and the foot are much fwelled,
fig. 1. 2. 7.

It is -here to be rcmarked {hat neither fin-
gers nor toes are in the fame direction as the
axis of the member, but, from being a little ele«
vated, they are oblique, which is more confpi-
cuous in the latter. : '

June 1, the hand was exactly as m“fig. 3.
Four fingers were cotnpletely formied, the longeft
near-a line and 2 half in fength. The -foot ftill
had only three toes, nearly as long-as the fingérs,
fig. 4. 1 this day performed the -fixth -opera:
tion, without waiting the reproduction of the
other two toes, which {eemed véry-tardy.

A new hanhd was vifible in the end of the
month with three firigers, and 2 foot with four
toes.

July 13, the hand fll had no more tha.n three
fingers, and the foot four toes; the Jongeft toe
about a line and 2 third ; the largeft finger a Jit«
tle lefs in. length. It is almoft unneceffary <o
repeat, that all were whitith or greyifh, and. fome
sgmniparent, as originating members uniformly

Dd2 _ are,
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are. The toes had grown greatly againft the
81, and darkéned very. mych,” but the incre.
ment of the fingers was Ils evident, nor was
their colour fo dark, . Ne;thq the fourth finger
nor fifth toe yet appeared.

The feventh aoperation was now performed, and
a remarkable monftrofity arofe on the reprodu.
ced foot, fig. 6. 15 O&ober.
' Thg foot feemed to have renewed only three
toes, and the fecond, m, wag monftrous. It was
evidently formed by the union of two; one-
third of the length was thicker than the reft,
apd a cleft feen at. the upper extremity, whe.rq
;he taes werg not united,

" The firlt and fourth ﬁnger were extremely
fhort, fig- 53 the fecond and third more diftang
_than they fhould have been, and the whole hand
turned downwards, which increafed the defor,
mltYe S
I prbceeded to the qghth mutllatxon, 29 O&o.
ber, no fenfible change having faken place in the
members finge the 1 5, except in the colour be.
commg dceper

While the amputated foot lay on my ﬁnger, I
diftin@tly faw. with my. naked eye, and ftill better
with,a magmﬁer, a flight fun:oxv or groave, all
along the monﬁrous toe, and exa&ly in the mid,
dle, which feemed an indication_of the place
where the two toes cngrafted or united, and pras
. duced
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duced the monftrofity. It is magnified, fig. 7;
and. the furrow, or groove umtmg the tOes, 1 3
plainly evident._ ‘
- Thisisa moft important fadt, as it felates to
. the celebrated difpute concerning the origin of
monfters. Here we behold a graft by union,
which nature has executed in a manner before
the obferver. The large horns of fnajls have
prefented fimilar inftances, as appears from the®
horn, fig. 15, Plate 8. which arofe from fuch a
graft, and it is proved by the two eyes at the ex-
tremity. But as the hortis of a fnail are original-
ly fofter than the members of a newt, and con-
tain no offecus part, or what may offify, it_pav
turally follows, that no mdxcanons of the _pmc,
tion will remain, -
To my great regret, the hewt died 27 Nbvem-
ber, probably from the bad qualxty of the x'encw-
_ed water, At that tithe, the ammal had not ex:
hibited any fign of reprod‘ﬁ&xon. A
ExPBMMENT IL A fmall excrefeence cut from
the leg of two newts.a=~On the 28 of O&oBer
1778, I remarked that ohe of the large newts,
which had only four toes on a foot, had, in p]ace
of the fifth, a very minute excrefcence; appagent- ’
. ly an originating toe. However, 1 ¢ould noe: obf
ferve that it made any fenfible progrefc 5 "andf
determined to cut it off, with the view of dil-
D3 - covering
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covering whether nature would produce fome=
thing in its place, or regemerate the fifth toe.
But nothing refulted from the operation. |

A fimilar experiment was alfo made on. an-
other newt, and with as little fuccefs. WUndoubt-:
edly the excrefcence was not:the germ of a toe.
whofe evolution ceafed. It prebably arofe from:
fome accidental caufe : and as it did not include.
the germ of a tee, the exertions of nature were
limited to fimply healing.the wound.

Experiment ML On a monfirous finger.—
On the 13 of July 1779, my newt catcher -
brqught me one with the fecond finger of the left
hand monftrous. There was a cleft at the extre-
mity fimilar to what had been obferved in the
. newt of the firft experiment, whieh alfe feemed
~ to be formed by the accidental union of two fin-.

gers ingrafted four-fifths of their length by-ap-
_proximation. '

Three days afterwards, the hand was drawn
of its natural fize, fig, 8. ''Neither it nor the fin-
gers appeared to-have been fertuitoufly mutilat«
ed : they were of the fize, colour, and propor«
tion peculiar to a-hand fully developed, that had-
never been expofed to any aecident.  Therefore:
the newt was probably produced with the mon-
ftrofity. In the firiger m, which is evidently larg-

- .- - er

-
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et than the reft, is ‘Qbfwrcly.feen thelittle groove, ‘
indicating the place of union. _A wide angle is
formed by the cleft; b, b.

While confidering this fpecies of montftrofity,

an experiment occurred to me for perfecting. the

'theory of germs. I cut.off .oneof the:branches
clofe to ‘its origin with very:fmall fharp pointed
fciffars, 3 July. :

‘On the 19 of Auguft; the finger had protrud- -
ed a new branch half as long as the correfpond-
ing one, and evidently thicker : and on the 23, it
was squal in-length, bat ftill thicker.

- This day, I cutoff the unmutilated branch at
its bafe. Reprodution advanced much flower ;
~and mnot before the middle of October was it
equal to the part: replaced

‘Both branches were'amputated on the 21. My
objeét was to-difcover whether the finger would
reproduce a cleft fimilar to the firft 1 but an ac- °
cident which befel the newt prevented the fatisfac.
tion of my cunoﬁty.

However, it is'proved by this' eXPer:ment that
each -branch contained a principle of reproduc-
tion, the evolution of which was determined by

the-operation. .

1 afterwards procured anothqr newt with the-
fame monflrofity .of the third ‘finger. It was
caught during fpring of- the prefent year 1780.
©n the 1 of September, I amputated the cleft at

‘Ddg ‘ its
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its origin : zand a' new one appeared on the 28.
‘Thus each could be reproduced feparawby,
both at once.

- ExperimenT V. Bath bands and the left
oot longitudinally divided.—The experiments on
longitudinal divifion, which afferded interefting
réfults, are detailed in the preceding Memoir : It
was of great impertance to repeat one of this
nature ; for whish feveral reafons have alrmdy
been given. And I may here add another. - By

" this mode of feéion, I theught a greater mumber

of fingers and toes might be produced than na-
* ture allotted 16 each: member. I conceived that
longitudmal divifien .might occafien the'deriva-
tion of fluids favourable to the eruption of thofe
germs that were around the edges of the wound.
‘Fhus: it was principally with that view the follow-
ing experiments were made..

July 13, 1779, the hands and left foot of 2
newt were longitudinally divided. From the 1§,
mould grew en the wownds, but I took care to
bruth it off with a pencil : and alfo:to renew the
water frequently. But, for all my precautions,
half the hands and foot were confumed by gan--
grene. A minute trunk, formed by the meta-
carpus and metatarfus, was then vifible at ene
fide of the remaining. part.

: | 1
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* I never doubted that the trunk would produce
rew fingers and toes: my former expeériments
had prepared me for it : and in fa&, I did fee
" little papille on each trunk after an interval of
fome weeks, which arnounced the repredution
of parts in the place of thofe deftroyed. The
firft two fingers of each hand were wanting, and
the laft three toes.

Two mew fingers, about two-thirds of a knc
long, and in the patural pefition, appeared om
each hand, 21 Auguft.: The fecond of the right
hand exhibited a very fingular monftrofity of the
fpecies alveady defcribed. This finger was much
larger - than it fhould have beer, and evidently:
arofe from two- germs grafted by approach. An.
originating cleft, fimilar to the others, was per-
ceptible at the extremity.

The hand is magnified, fig. 9. m the menftrous
finger : d, the other beginning to grow. -The
foot is of its natural fize, but the originating
toes, 7, 7, in an unnatural pefition, fig. ro. -

Though the monftrous finger was examined
with a confiderable magaifier, nothing along the:
- middle, which indicatéd the union of the two fins
gers, could be difcovered : all' was - uniforin, -
. "Fhis, as well as the whole new fingers and toes,:
was femi-tranfparent, and of a whitith er -greyﬂl
colour. fea - s

Expx-
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ExpgrIMeNT V. The hands and feet of a newt
longitudinally divided.—On the 15 of July 1779,
1 divided the hands and feet of a large newt lon-
gitudinally. Mould foon appeared on the wounds:
but by removing it with a pencil, and renewing
the water, I faved the members,

The halves of the right hand and foot re-unit.
ed: and the enormous wounds were fo com-
pletely cicatrifed, that it was impaflible to obferve
the place of junition, at leaft in the hands:
however, I thought I could perceive a long fupers
ficial furrow which might be it. -

The left foot had loft the middle toe by the
operation. Bug in a few weeks, there was difs
covered, in the middle of the foot, an extremely
minute’ papilla among the four toes, which an.
nounced a new toe to fupply the place of that
deftroyed. , :

1 foon obferved a fimilar. papilla among the
fingers of the left hand, which was recognifed as
.. a mediat, unfolding exaitly where the middle fin-
gerisim a_hand with five fingers. Bat newts
have only four 5 therefore, by a longitadinal fec.
tioh; this newt acquired five on one hand, and
my object was happily accomplifhed. '

The new toe was a full line in length ; the new
finger only haif 2 line. Both the hand and fost
were then defigned, fig. 11, 12. In confequence
of dividing the hand, the fecond finger is farther

: from
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from the third than ufual, fig. 31. Between
them is a middle finger ftill very fmall, but evi.
dently a new one, m. From the fame caufe, the
fecand toe is alfb farther from the third than it
fhould be. Between them is feen the new toe, #,
which is to replace that which was loft.

The wound on the metatarfus was now fo well
healed, that no marks of it remained. Thefe
immenfe wounds being healed by a kind of in-
grafting, which effets the union of the parts, is
no inconfiderable corroboration of a theory which
1 have fuggefted en the formation of certain mon-
fters, that feem to originate from the accidental
union of two organic wholes. Nor is the fuper
numerary finger, which I was able to give the
newt, lefs favourable to it. .

ExperIMENT VL.—We myft not conchude,
from the experiments in this and the preceding’
memoir, that, in confequence of lomgitudinal di- -
vifion, a new finger will always arife in the mid-
dle” of the member, and one, in this maner,
have it in his power to produce a fifth finger on
hands, and a fixth toe on feet, at pleafure. Ex-
perience has taught me, that cleaving the mem--
bers afunder is not niformly followed by arm ad-
ditional reprodu&xon Many circamftanees, which
we are yet unable to afcertain, may deeply influ-

: : .. emee
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ence the effets. of the operation ; and of thefc,
the following is an example.

By a cut as far as the tarfus and carpus, 1 di-
vided the hands and feet of a large newt longi.
tudinally, 25 Auguft 1779. After the opera-
tion, the parts feparated far afunder. = I expeted
much mould- on the wounds, but'fo little appear-
ed that it was unneceflary to remove it. The
middle toe of the left foot was deftroyed.

In about fix weeks, no traces of . the wounds
_ remained. ‘The third amd “fourth finger of the

left hand, and-fhe third and: fourthr toe”of the left
foot, were more diftant from ‘¢ach other than na.
turally: - ‘The middle toe of this foot was re-
placed by another, whlch was abou,t two hnes
long; 29 O&ober.~ °

"ExpEraMeNT VIL Various monfirofities arifs
ing from the amputation of members.~Here I fhall
fubjoins fome remarkable inftarices of monftrofity
arifing from the amputation of members. : 5

A foot which had produced fix toes, but three
of them united great part of their Jength, is res’
prefented, fig:'13. The fame foot is magnified,
fig. 14, to fhew the mibnftrofity better. On
comparing this with fig. 8, 9, the monftrous toe

-cvxdently exceeds the natural fize, was .it not
fotmed as the others by the union of two. Here
there are two clefts inftead of one. The branch

a,
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n; is longer than b, ¢ : the middle one.5 js.fhort.
eft. No indication of the umon was ,yerccptrble.
it was fo complete. -,

Another Dewt, whofe hands and feet were
monﬁroﬁty ftill more, fmguiarf “"I‘he four mem.
bers began to. tegroducc in the end of July. Con-
ﬁdermg the newt attegtryely, 1owards the ﬁr_ﬂ:
days of Augnft, I was agreeably furprifed to fee
¢ight toes regenerating .on the_left foot. It was
neceflary to hold the foot in a particular poﬁucn,
and examine it clo[ely, .as they could not be dif-
cerned at the firlt view. ,

This monftrous foot was defigned Auguﬂ; 9
The metatarfus, m, is a little larger than common ;
and the fifth toe, ¢, feems to rife above. the fourth '
? fig. 15.

There was alfo a ﬁngulanty in the right hand
It reproduced five ﬁngcrs ; the firlt two muché
ﬁrorter than . the reft I was defigned 19 Au-
gult, fig. 167 T

_The regenerated right foot was lxkeyzxfé de.
fOrmed the laﬁ two toes bemJg conne&ed by I
membrane; hkc that of | fome aquatlc ammals,,

4.. .

Thus the only perfe& part of the pewt was its
“left hand 3 E

......

......

with the greateﬁ attentlon November 7 1 dxf- .
covered that the. fourth tog, ﬁg J7, 5,, 6, 7, was,
: compofed
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" ¢compofed of three longitudinally united, and.

gearly asin fig. 14. The third ‘toe, alfo, was
clearly formed by the union of twe, but joined
only a fmall part of the length. All this gave

- the reproduced foot a very uncommon -appear-

ance, and occafioned a confufion, which pre-

wented the figure and arrangement of the parts
from bemg eafily underftood.
Is it not indicated, by thefe frequent graftings,

. that the reparatory germs of mutilated parts are

fituated very near each other, in the interior of
the merhbers, becaufe they can only arife in con-
fequence of fuch proximity? ‘Such remarkable
inftances enable us to judge how many opera-
tions may be performed on mewts, well calculat-
£d to elucidate the myfterious origin of monfters.
It is proved that reproducing members, if muti-
lated, produce fimilar members. Thus may va-
rious monftrofities be regenerated, If the eight

~ toes of the monftrous foot were amputated, which

is an experiment, that I mean to make, eight toes

~ refembling the firft would moft probably be reproe

duced ; and reprodu@ion might perhaps extend

further, by encroaching a little on the meta.
~ garfus,

ExperiMent VUL  The limbs of a newt dif-
(acated ~Sig. Spallanzam having requefted me ta
diflocate
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#ficate the Hmbs, Tdid fot fail to make this
experiment. But #t Is much more difficult to
diflocate a limb than to amputate it ; -fot the
plianey and lubrieity of the members contributes
to render the experimentalift’s exeftions abor-
tive.

On the 14 of July, I perforiied this new ope-
rationt on two large newts, at half paft two,
fr is of fome conféquénce to attend to the
exalt hour. Both arms of the one and both
thighs of the other were diflocated, ‘The opera.
tion was indubitably compiete; for, befides the
fenfation felt in performing it, which convinced
me of the fa&t, the members immediately after-
wards weré pendent, as if dead, and the. animal

had no longer any power over them, which was

an unéquivocal proof,

At fix in the morning, on the i4, it was im-
poffible to recognife any fyniptom of diflocation.
In the evening, each newt moved the disjointed
limbs with a liberty and facility which ahnoun:
“ ced that nature had already repaired the difor-

der,

Experivent IX. On the éyes’ of newts.~—
This and the preceding experiment are cruel in-
deed ; and fehfible minds will hardly pardon the
ebferver’s cruelty, though it arifes from an evi-

dent

‘
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dent defire to difcover new fa@ts and enlarge
our knowledge of the animal ceconomy. There-
fofe, 1 fear the compaﬂionate reader will re-
yolt further ftill at what is yet to be related.
But I beg he will confider, that animals, which, .
after lofing one, or even feveral limbs, cop-
tinue greedily devouring the prey prefented,
undoubtedly cannat experience the fenfation of
pair to the excefs which our own fenfations lead
us to imagine. We are very infufficient judges
- of what paffes within an animal fo remote from
us in the fcale of living beings.  Let it not be
- thought, that by thefe reflections, I mean to lef-
~ fen the natural repugnance of every humane
mind to meke animals fuffer.” The bcmgmty of
nature itfe]f will infpire man with this precioys
fentiment to prevent the enormous abufe. that
his power might exert aver the animals which fhe
has fubjected to his dominion.  Yet let me afk,
whether a rational perfon abufes his empire over
animals, by making them fuffer only for his own
jnftrudion, or that of his fellow creatures, -
“With a fcalpel, I ¢xtralted the right eye of 3
large newt, 13 September 1779.: but I did not
obtain the globe without much injury to the tu-
Rics. It was the firft time of performing the ope-'
ration, and before I had acquired the peculiar
Aexterity neceﬂ'ary for fuccefs, and afterwards.
- . learned

-~
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-learned by experience. Thus the utmoft diforder
-enfued in the eye, and the chryftalline lens ftart-
“ed out on my nail. This is a beautiful obje&t ;
-no larger than a millet feed, and quite tranfpa-
‘rent. I thought that I beheld one of the fpheri-
cal lenfes with which Leeuwenhoeck difeovered
fo many wonders. But conta& of the air foon
“tarnifhed the minute lens ; it dried and became
disfigured.

A deep blobdy wound in the focket of the eye
was the confequence of this cruel operation.
-And the reader will not be furprifed if I hardly
.expetted any thing from it, and that the newt
" would probably remain blind for ever. How
‘great was my aftonifhment, therefore, when, on
the thirty-firft of May 1780, I faw a new eye
formed by nature. The iris and cornea were al-
ready well fhaped, but the latter wanted its pecu-
liar tranfparency, which is very confiderable in
thefe animals. Impatience to arrive at the moft
important patt of the prodigy has induced me to
omit the progrefs of it; and obferve that na-
ture certainly began with clofing the wound.

The eye was completely repaired 1 Septetn-
ber. The cornea Wwas nearly as tranfparent as
that of the other eye, with which it was fre.
quently ¢compared. The iris had alfo acquired
the yellow gilded colour, which chara&erifes this

fpecics of newt. In fhort, the eye was fo per-

Vor. II, Ee fedly
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-feCtly renewed, that no veftige exifted of the un-
.common eperation that the animal had under-
gone. During the remainder of this and the
following month, the cornea always became more
.tranfparent ; and now, when I write thefe re-
,marks, 8 November 1780; it is equally perfe&t
as the other : but the reproduced eye feems a
little fmaller than the entire one ; and the iris, or

golden circle, goes only half round the ball (1).
It would ftill be neceflary to extrac the repro-
duced eye,  to afcertain, by diffeGtion, whether it
.containg a chryftalline lens fimilar to the origi-
mal.. But I confefs, that, as yet, I have not had
gefolution to fubjet the newt to the moft bar-
barous of all operations ; and I fhall probably

await its death for fatisfying my curiofity.

" A newt is mentioned in the fecond memoir,
which had loft the regenerated members four
times, and had taken no food for feveral months.
It became fo much emaciated, that the joints of
ghe fingers could be feen through the fleth. The
head

. {1) According to Blumenbach’s obfervations, this ex-
pe'rimgnt has failed when the whole globe of. the eye
was extracted. In fix months, after difcharging the hu-
n;ours, and cutting out the tunics, the eye was repioduce
ed. Even after eleven months had elapfed, it was not fo
lfarge as th‘_e othér,, Specimm Pl:ﬁologi;e Cbmaratx.—T.

- . P
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head had fhrunk in fuch a manner, that the eyes
projected like two lumps, and appeared much lar-
ger than ufual. It died 11 November ; and I ex-
tratted an eye. The opaque cornea or fcleroti-
des, o, fig. 18, plate 11, is of an iron grey ; p,
the ball ; ¢, the tranfparent cornea ; 7, the optic
nerve. The eye is fhaped like a flattened fphe-
roid, the edges of the fclerotides forming the
equator. But my purpofe is not to defcribe this
organ. -

Eez2 ADDITIONAL



Digitized by GOOS[G



437

ADDITIONAL
NOTES AND OBSERVATIONS

BY THE

. TRANSLATOR.

OGP

INTRODUCTION, p. 13.—Trufting to Linnzus,
it is faid the tortoife lays 1000 eggs. I fhould
rather fuppofe that learned naturalift is corrett,
but I have found no authority which makes the
animal nearly fo prolific. However, thereis a
great difference in the numbers which the fe-
males of very fertile animals will produce. I
have in fome obferved intermediéte numbers
from fifty to a thoufand eggs.

TracTs, vol. 1. p. 50.—The author’s neglg:&,/ /
or rather contempt of nomenclature, occafions
confiderable difficulties to thofe who ftudy his

- Eej works.
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works, Indeed, all the fyftems we have are fo
brief and indiftin&, that even the moft expert
naturalift will fometimes be at a lofs to difcover
whether the animal there named is truly the ob-
je& of his fearch. '

It is the Oeftri that depofit their eggs in the .

fkin of cattle’; and great pain is occafioned to the

animal by the fwelling of tumours, which include
the larva of the infect. Afi are a different genus
of flies.

P. 84.—Since the note on the torpidity of
fifhes, I obferve that the fa_& is confirmed by
late obfervations, which will be found in CEpEDE
Hiftoire Naturelle des Poiffons, Tom. 3. Paris
1802. ¢ Formerly we had vague ideas concern-
¢ ing mackrel in their fub-marine afylums during
¢ winter, and particularly in the polar regions;
¢ but we are now indebted to vice Admiral Ple-
¢ ville le Peley, for certain information. He has
¢ verified his obfervations along the coaft of
¢ Greenland, Hudfen’s Bay, and towards the
¢ banks of Newfoundland. In thefe northern
¢ countries are arms of the fea, named baracho-
¢ uas, which are fo interfeCted by points croffing
¢ them, that at all times the water is as calm as
¢ in a bafin. The depth of the'e places is va.

¢ rious,
r1ous,
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< rious, according to the proximity of the banks,
< and the bottom is generally covered with foft
¢ clay and marine plants. It is here that the’
< mackrel lie in concealment during winter ; and,
< thrufting the head and anterior part of the bo-
¢ dy about a decimetre into the mud, their tails
¢ are kept perpendicularly above it. Thoufands
« are found thus buried in each barachoua, and
¢ cover the bottom of the bafin in fuch a man-
© ner, that feamen, unacquainted with the coaft,
¢ have been afraid to approach what they thought
¢ were fhoals. In Citizen Pleville’s opinion, the
¢ furface of thefe barachouas is frozen in winter ;
< and the thicknefs of the ice, as well as the fnow
“ above it, moderate the effets of the feafon, and
< contribute to preferve the animals élive.. Only
¢ towards July do the mackrel recover part of
< their ativity, depart from their holes, and, com-
¢ mitting themfelves to the waves, traverfe the
¢ great banks. It even appears that this ftupor,
¢ or torpidity, is diffipated by degrees. Their
¢ fenfes are feeble for twenty days; their fight is
< fo weak, that they feem blind; and they are
¢ eafily caught in nets ; afterwards they can only
< be takep with the hook, but being emaciated
< from long abftinence, and greedy for the bait,
£ great numbers are caught,’ page 72, 33.

Eegy P. 207.

-
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P. 207.—Though M. Bonnet is of opinion-
that the incorporation of foreign particles re-
moves the original tranfparence of animals, it is-
probably owing as much to chemical combina-
tjons,

Seminal Vermiculi—~It is yet uncertain by
whom thefe animals were firft difcovered. Dif-
ferent authors afcribe the dxfcovery to various
naturalifts who liyed towards the end of the fe-
venteenth and in the begmnmg of the exghteenth .
century. However, it is undoubted that Leeu-
wenhoeck was the firft Who mveﬁlgated their
properties.

It was generally believed, that all feminal ver-
miculi were of the fame fize; that thofe of the
frog were as large as the vermiculi of the horfe.
The author has now put it beyond dlfpute, that
there is not only a difference in the fize of thoﬁ;
of different animals, but that all the vermxculx of
the fame animal are not equally large

“Vol. 2. Wbeel Animal.—-This ammal I have often
touud in fituations without the fmalleft particle of
fand mdeed, it has repeatedly appeared in dif-
furert mfuﬁons, and in great numbers Buq

dq
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.do not recolle& to-have met with it in any liquid
with a tendency to putrefaion,

The horn of the wheel animal s fituated op
the upper part, .and is not eafily obferved unlefs

when the animal is juft about to make its ftep, .

P. 163, Note.—Before terminating this work,

it is proper to corre& what is probably an error.

It is poffible, that what I conceive a new fpecies

of floth is not fo. Some points in its hiftory have’

aJready been attended to by naturahﬁs of great
eminence.

In the French tranflation of Fuefsli’s Archives
of the Hiftory of Infecls, Winterthour 1794, there
1;; a.mempir on- thefe minute amma]s by the ce.

lebrated Muller. . His obfervations coincide al- ’

moft exatly with mine ; and he feems to have
had the advantage of a number for examination.

He obferves, in the firft place, that ¢ Eichbm

¢ and Goetze at the fame time difcovered the ani.

¢ mal, but the former afcribed ten feet to it inftead
¢ of eight; and the name they beftowed upon it
¢ was the URSLET (Ourfilet ou Petit our:), from
¢ the fuppofed refemblance to a bear.’

In

v
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" In Muller’s opinion, it is not an infufion ani-
"malcule, ¢ though its preper abode is among
¢ them, on the water lentil. The figure and
< number of feet approximate it to the genus of
¢ mites or acari; and although neither eyes nor
< antennz are perceptible, the other parts induce
¢ us to clafs it with infedts.’

- He proceeds: ¢ Three claws terminated each
¢ foot ; fomething like eggs were feen within.
¢ Sometimes 1 found a fimple fkin with the feet,
¢ nailg, and eggs. This is not a dead ur/let, but
< a flough, fuch as othér animals throw off ; but
¢ how does the ovary come here

The figure in the Archives, Plate 36, feems,
very correft. If we may judge from what is faid
in the account of it, this animalcule muft have
been a great deal larger than mine.

Whether it belongs to the clafs of infe&ts may
be doubted: if it does, Ifee few reafons why
Spallanzani’s does not belong to it alfo.---It is
very probable, that feveral of what we call infu-
fion animalcula, are only miniatures of fome larger
animals.---Thofe of the northern nations have
alone been inveftigated ; it is reafonable to ex-
pe&t new animalcula as well as we find new ani--

' : mals .
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mmals in other coynfries, or new cannedtions with
thofe already known, :

Boat Worm.—1 am uncertain what a,r:imél,
according to the Linnzan nomenclature, the ay-
thor calls the boat worm. The third chapter of
. his Prodromo is appropriated to its reproducions ;
and he thus defcribes the animal itfelf. ¢ It is
¢ annulated like the earth worm, by which means
¢it can contratt, extend, and meve from one
¢ place to another. Towards the head, it is
¢ as thick as a large goofe quill. It is generally
¢ about eight inches long, but the largeft, when
¢ extended, are a foot. The colour of the back
¢ is a mixture of grey and brown, which becomes
¢ lighter towards the tail : the belly is whitith.

¢ The ordinary abode of this animal is in clear,

¢ fhallow, or gentle running water. The anterior -
¢ part is buried in the mud, but the pofterior rifes
¢ to the furface of the water. There it enlarges
¢ and curves below like a boat which extends on
¢ the furface. The concave part of the boat is
¢ uppermoft ; and the rifing of the edges above
¢ the water feldom allows it to flow over. With-
¢ out this particular figure it would fink, as it is
¢ fpecifically heavier than water.—Thefe peculia-
¢ rities have induced me to call it the boa? worm.’
The



24 ADDENDAY

- The frefh water worms, fo often mentioned,
feem to be the Lumbricus Variegatus, and Tubifex
of Linnzus. A full account of them will be
found in the firft volume, Ewvres de Bonnet. The
fea nettles are Medufz. But the reader will ob-
ferve, that, throughout this work, the original
names are preferved, without ufing thofe in the
Syftema Nature, from the hazard of error, and
the fame with refpe to the different elaftic fluids.

ANALYTICAL
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